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HENRY ROWE SCHOOLCRAFT. 

Prom ob»«rT»tiOQ« and rcneirclieii bj J. V. Browi 



. 10 ItMCft BiMn, OD bchair nf the UlnueKota Hialar- 
Ical BcMiletv, and manuncrlpt prcpnred by Mn. Jane B. Howftnl, only surviving 

The Peace of Utrecht, 3713, controlled the destinies of an 
English gentleman of education and refinement, who came to 
America during the reign of Queen Anne. He y<;ttletl in 
Albany county, New York, opening^an English school, and his 
descendants continued their residence there for a hundred 
years. One of the descendants of this family was Col. Law- 
rence Schoolcraft, a revolutionary soldier, commanding in the 
war of 1812 the first regiment contrihuted by his locality. He 
married Miss Barbara Rowe, of noble character and German- ■ 
parentage. 

Henry Rowe Schoolcraft, the subject of this brief sketch, 
was the seventh of a large family, the issueof this union, enjoy- 
ing the advantages of an early education. He pursued an 
advanced course at Union college, Schenectady, and atMiddle- 

•There is a biographical sketch of Mr. Scbookraft in his Ptraonat 
Mimoin, with a portrait, and another in the National Magaiint, vol. vt 
C18(S), accompanied by a portrait. There is a. skelch also in the 
An-TiaUof Iowa, .luly, 18G5. Rev. W. T. Boutwell haa also a sketch of 
faisexpeditionof 1832inthe Jfinn, Hut, Col. vol. i, p. 163. The remarks 
of Dr. G. W. Samson, president of Columbia College, at Schoolcraft's 
funeral, have tXao been published in pamphlet form.— [En.] 
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bury, Vermont. When the attention of this country waa 
drawn to the resources of the MiaBissippi valley, he accepted 
the offer pf DeWitt Clinton, at the age of twenty-four, to 
engage in an exploration of the country west of the "Great 
River," spending two years in the territory now comprising 
the states of Missouri and Arkansas, publishing on his return 
two treatises which brought his capabilities as a geologist and 
geograplier before the public ; and his services were called for 
as geologist and mineralogist to the expedition of Lewis CasB 
from Detroit, Mich., 1820, to the sources of the MissiBsippi, 

Leaving New York city by stage March 5th, 1820, visiting 
Niagara from Buffalo with a horse and buggy, embarking for 
Detroit on the steamer Walk-in-the-Water, he arrived at his 
destination on May Sth. The Cass expedition, with School- 
craft as a scientific attach*?, left Detroit May 24th, 1820, and 
by au extraordinary canoe voyage, memorable in the history 
of the Northwest, proceeded through the great lakes to the 
west end of lake Superior, up the St. Louis river, portaging to 
the Mississippi, and up the great river to Cass lake, thence 
down the river by way of Fort Snelling, visiting Carver's cave, 
proceeding to Prairie du Chien, across the territory of Wiecon- 
Bin, arriving at Detroit September 23rd. 

During this extraordinary canoe voyage, Mr. Schoolcraft 
made daily observations of geologic formations and mine- 
ralogic deposits through the entire region traversed, including 
the copper mines of lake Superior, the lead mines at Galena 
and the clay deposits at Milwaukee, making a detailed report 
to the secretary of war, accompanied by charts of al) his obser- 
vations. 

The Cass expedition failed to discover the great basin at the 
headwaters of the Mississippi. However, the peculiar capabil- 
ities of Mr. Schoolcraft, indicated by his scientific report to 
the authorities at Washington, placed his services in demand, 
and in ISSO, as United States superintendent of Indian affairs 
for Michigan, residing at Saiilt De Ste. Marie, he received in- 
structions from the Deportment at Washington to visit the 
Northwest in charge of an expedition ostensibly for confer- 
ences with the Indians, but in reality to determine the true 
source of the Mississippi. 

Not until 1832 did the Schoolcraft expedition make its final 
and successful start accompanied by the Rev. W. T. Boutwell, 
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representing the board of commiflsionerB for foreign miBsions. 
The Lac La Biche was known to exist, and Mr. Schoolcraft 
was determined to reach it, earrying out his other objects of 
obaervation while en route by canoe vovage through lake 
Superior, Messrs. Schoolcraft and Boutwell were personal 
associates, voyaging in the same canoe through lake Superior, 
and while conversing on their travels along the south shore of 
the great lake, the name "Itasca" was selected in the following 
manner, in advance of its discovery by Schoolcraft's party : 

Mr. Schoolcraft, having uppermost in hie mind the source 
of the river, expecting and determined to reach it, suddenly 
turned and asked Mr. Boutwell for the Greek and Latin def- 
inition of the headwaters or true source of a river. Mr. Bout- 
well, after much thought, could not rally his memory of Greek 
BufEciently to designate the phrase, but in Latin selected the . 
strongest and naost pointed expression — Vtpritas Ca^tit. ' ■ ■ . 

This was written on a slip of paper and Schoolcraft struck 
out the first three and last three letters and announced to Mr- 
Boiitwell ' that "Itasca shall be the name," However, Mr. 
Schoolcraft says : "Having previously got an inkling of some 
of their (Indian) mythological and necromantic notions of the 
origin and mutations of tha country, which permitted the use 
of a female name for it, I denominated it Itasca." 

The party passed over nearly the identical route traversed 
by the Cass expedition, reaching Cass lake July 10th, 1832, 
and upon the advice, information and guidance of Ozawindib, 
a Chippewa chief, in birch canoes proceeded up the main trib- 
utary of Cass lake, up the smaller or Schoolcraft fork of the 
Mississippi, thence by portage to the east shore of the east 
arm of Itasca lake, and to camp on Schoolcraft island. Dur- 
ing the day Mr. Schoolcraft traversed the entire shores of 
Itasca, erecting the Stars and Stripes on the island j he 
then returned to Cass lake, thence to Leech lake, down the 
Crow Wing river, and to his home and family. 

For nearly fifty years Mr. Schoolcraft was in the service of 
the government of the United States as a geologist, mineralo- 
giit and geographer, and his reports and communications are 
voluminous, and, for the period of time during which his 
observations were made, were considered highly valuable and 
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creditable m well to,himaelf as to the antbority he fearlessly 
represented. 

His sii quarto volumea, "Archives of AborigiDal Knowl- 
edge," compriBing antiquities, lasguages, ethnology and gen- 
eral history of the!,Indian tribes of North America, attracted 
much attention at the time as a valuable addition to Indian 
archEeology and history, and Mr. Schootcraft received num'er- 
ons tokens of appreciation not only in this country, but from 
many scientific and historical asBociations in foreign lands. 
At the time of its publication a scholar writing to the "Phila- 
delphia Bulletin" said : " 'The ethnological researches re- 
specting the red men of America by Henry R. Schoolcraft,' is 
a monument of genius, rejecting honor on the country, and 
placing its author among the very highest scholars of the age 
andof the world. In it we find accumulated with a research 
which defies appreciation, an industry which is incredible, and 
a quick piercing genius which reads the value of every fact at 
a glance, a mass of material which will in future ages reveal 
to the scholar facts which we are as yet far from being able to 
develop. We know that the work and the author have been 
praised ere now, but we have never yet heard the one or the 
other estimated as they deserve ; for certain we are that Ger- 
many has no better reason to boast of Hammer, Purgstali, 
Kaiser or Grimm; France of Michelet or Lajard; or England 
of any of her long array of antiquarians from Leland to Pals- 
grave, than we have to boast of Schoolcraft, as shown in the 
great work in question." 

In 1S23, white at Sault Ste. Marie, Michigan, he became 
acquainted with John Johnston, {Esq., and his attractive fam- 
ily. Mr. Johnston was anjirish gentleman — in fact, an aristo- 
crat — of superior education and courtly manners, who claimed 
among his kinsmen the bishop of Dromore and Mr. Saurin, 
attorney general of Ireland. Mr. Johnston was attracted by 
the beautiful daughter of the, renowned [Indian chief of the 
Chippewa nation, Waubojeeg, and married her. Their eldest 
daughter Jane, was sent in her early childhood to Dublin to 
be educated under the supervision of Mr. Johnston's kindred 
there. Mr. Johnston's means enabled him to dispense a hos- 
pitality almost princely, and Mr^Schoolcraft was among those 
who shared in it; and when Miss Jane Johnston returned 
home Mr. Schoolcraft was* immediately captivated, not only 
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by her personal attractiooB, but by the grace and culture of a 
mind that added,to the advantages of education aod accom- 
plishment, the beautiful refinement of a poetic nature. 

After her marriage to Mr. Schoolcraft she was a true eym- 
pathizer in all his pursuits and a valuable helper. The 
romantic pride which she felt because of her descent on the 
mother's side from one of the native kings of the country, 
induced her to perfect herself in the Indian language and thus 
she became of eminent service in promoting her husband's 
knowledge of, and tnfiuence among, the tribes. 

Mr. Schoolcraft was retained in government service at Sault 
Ste. Marie for some ten years, when he was assigned to the 
"Agency" at Mackinac, where bis home was a social center, 
and where many travelers of distinction found a generous 
hospitality under hisroof. About the year 1840 he returned 
to his native state and located in the city of New York. In 
1842 he made his long desired visit to England, and while he 
was absent his wife died. 

Of his four children who were bom at Sault Ste. Marie, two 
died in early childhood, one son and a daughter reaching 
maturity. During the war between the States, the son, as a 
member of a volunteer company from New York, served under 
Gen. McClellan and was in the seven days battles around 
Richmond. He succumbed to the hardships of a Soldier's 
life and died in the hospital at Elmira, N. Y., in April, 1865. 
His daughter married Mr. B. S. Howard of Beaufort county, 
South Carolina. Mr. Howard having office under the Confed- 
erate government naturally made bis home at Richmond, Va., 
where he and his wife still reside. 

About Sve years after the death of his wife, Mr. Schoolcraft 
married Miss Mary Howard, an estimable lady from South 
Carolina, who was in his last years (when paralysis had made 
it necessary that much of the labor of his pen should be done 
through others) his faithful amanuensis. 

For many years he had been a sufferer as the result of his 
exposures as an explorer in the wilds of the then un- 
known West, He was crippled by rheumatic affections, and 
for several years he could only move with the help of crutches, 
and though not able to go out as usual, he loved to gather his 
friends about him. His society was much sought by those 
who never suspected his infirmities and pains as he sat and 
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filled up the moments with TivaciouB and fascinating conver- 
fl&tion, so completely did his epirit rise above his physical 
condition. 

Mr. Schoolcraft was a large-hearted Christian man, a kind 
father and a true friend, ever ready to extend a helping hand 
to those who needed it. He was of a deep religious spirit and 
a rich Christian experience. For many years he was an elder 
in the Presbyterian church. At the time of his death he was 
a member of the "New York Avenae Church" in Washington, 
D. C. He believed the Bible from end to end to be the truth 
— "the word of God," Unlike many professional and contro- 
versional defenders of the truth, he had a profound convic- 
tion of the authenticity and inspiration of the Sacred Scrip- 
tures and spoke as one, every power of whose mind had been 
mastered and bowed in reverent subjection before a teacher 
manifestly divine. 

On the Sabbath before hie death, conversing with his friend 
Dr. Samson, of Columbia College, who had called to see him, 
he went over in a calm and delightful review his whole course 
as a christian man. When allusion was made to the services 
he had rendered to science by his laborious and sacrificing 
life, he exclaimed with earnestness, "that is nothing, Twthing 
compared with my interest in Jesus Christ as ray Redeemer." 
He died on the 10th of December, 1864. His noble mind- 
triumphed till the end ; calm, clear and thoughtful as when 
he sat with his pen at his literary toil, until he breathed his 
last. 

The funeral services were conducted by Rev. Dr. Gurley of 
the Presbyterian church, Rev. Dr. Hall of the Episcopal and 
Rev. Dr. Samson, president of Columbia College; and his 
remains were laid in the congressional cemetery in Washing- 
ton, D. C. 

We must judge of Mr. Schoolcraft as of the times in which 
he lived — geology then being in its infancy in the western 
country. 

As an explorer and discoverer he knew no failure, and his 
portly physical manhood permitted him to overcome almost 
insurmountable obstacles. He has been very generally accred- 
ited with the discovery of the true source of the Mississippi, 
although in late years, the fact that Wm. Morrison had 
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reached the great basin in 1803 hite caused some detraction 
from that claim. 

The memory of the Bubjectof this brief memorial will live in 
the history of the West until time shall turn all things to 
eternity. 
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craft in AuiiUBt. 1821, on the river Des Plaines in theN. E. antile of the 
state of Illinois — eztracled from a paper presented by Mt, Sclioolcraft 
to the American Geological Society. Am. Jour. Sci. vol. iv, p. 285, 
1822. 

Account of the native copper on the southern shore of lake Buperior, 
with historical citations and misceUaneous remarks, in a report to the 
Department of War. Am. Jour. Sci. vol. v, (1822) p. 201. 

Notice of a recently discovered copper mine on lake Superior, with 
several other localities of minerals. Am. Jour. Sci. vol. vii, (1823) 
p. 43. 

Travels In the central portions of the Mississippi valley, (1821); 
New York, 1825, 8vo. 

On the existence of lunar tides in the waters of the great North 
American lakes. (Letter to major Henry Whiting), .dm. Jour. Set. 
vol. XI, (1831) p. 213.) 

Discourse delivered before tbe Historical Society of Michigan, 
Detroit. (Noticed in Am. Jour. Sci. vol. X3, lH31j p. If.li. Another 
address on the condition of the North American Indians ; May, 1832, is 
noticed in vol, xxiv, p. I!!0). 

Narrative of an ezpediitOD through the upper MissiKsippi to Itaxca 
lake, the actual source of this river, embracing an exploratury trip 
through the St. Croix and Burnt wood ( Brul^) rivt-rs in 18^2, iimier the 
direction of Henry R. Schoolcraft. Harper Brothers, New York, pp. 
307, 8vo, 1&13. (Besides the narrative this work embracfs the follow- 
ing b^ Mr. Schoolcraft: Localities of minerals observed in 1S31 and 
1832 in the northwest; Indian languageR, part of a course of lectures 
delivered before the St. Mary's committee of the Algic society). 

Discourse on the origin and character of the North Americsn In- 
diana. Mich. Hiii. Soc. Sketches, 1834; small, 12mo, p. 51. 

Al^c researches, comprising inijuiries respecting the niental char- 
acteristics of the North American Indians; Harper Brothers, New 
York, 2 vols. 12 mo. 

On the action of the North American lakes; (noticed in Am. Juur. 
Sci. vol. Kiiv. 1842, p. 368 
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Hone respecting the Grave Greek moimd in weatem VirginiB. 
Joe. 3Van«. vol. i,p. 367, 1845. 

cluracl«rieticB of the red i»ce of America ; Sew York and 
S45, 8ra. 

ea to the stndf ol the ancient period of American history, 
afore the New York Historical Society, 17 Sot. 1&46- y. T. 
Proe. 1846. 

1 the Iroquois, Albany. 1847, 8vo, pp. 498. 
lian in his wigwam, Buffalo and Anbnrn. 1848, Sto. 
1 memoirs of a residence of thirty years with the Indian 
the American frontiers, 1812-1&42; Lippincott, Philadelphia, 
Ttrait of the author]. 

■y narrative of an exploratory expedition to the sources ol 
isippi river in 1FI20, resumed and completed by the discovery 
n in Itasca lake in 183-2, Philadelphia, Lippincott, Gnunbo 
4. (Besides the narrative the following olMr. Schoolcraft's 
: included in the appendix : Report on the copper mines of 
rior; ObservatioPH on the mineralogy and geology of the 
nbracing the sources of the Mississippi river and the great 
IS 1 Report on the value and extent of the mineral lands of 
rior. in reply to a resolution ol the United states congress ; 
nces at the geology of western Mew York beyond the Rome 
n 1>'20 ; A memoir on the geological position of a fossil tree 
ondary rocks of Illinois, 1822; A letter embracing notices of 
y of the northwest, addressed to Dr. Mitchell on the return 
edition; Memoranda of climate, phenomena, and the distri- 
«oIar heat, in 1820; Limits and range of the Cemu lylrettrii 
thwestern parts of the United States ; Remarks on the occur- 
lative silver and ores of silver in the stratification of the 

lakes Huron and Superior ;" A general summary of the 
nf minerals observed in the northwest ; Geological outlines 
ley of the Takwymenon^in the basin of lake Superior ; Sug- 
especting the geological epoch of the deposit of the red sand- 
;he St. Alary's falls, of Michigan). 

history of the United States (In the Bebraic manner). 
cier GalUry, 1855. Has a portrait of Schoolcraft 
!8 of aboriginal knowledge : original papers laid before con- 
lecting the history, antiquities, languag^, etc., of the Indian 
lie United States. The title of this work as published (2nd 
Dy Lippincott, Grambo & Co., Philadelphia, is as follows: 
an respecting the history, condition and prospects of the 
bea of the United States, collected and prepared under the 
a( [he bnreau of Indian affairs, per act of Congreee of March 
by Henry R. Schoolcraft, LL.I). Illustrated by S. Easlman, 
'. S. army, fi vols. 4to, 18o2-lSo5. Volume vi has a portrait 
bor as frontispiece. The second edition was much corrected 

ry of a coal baBiu on the western borders of the Lake of 
s. Am. Jour. Sci. (2) vol. xix, (185.5) p. 232. 

on the history and physical geography of Minnesota, ifinn«- 
■icol CoUectiont, vol. i, p. 108. 

Hiawatha and other oral legends mythologic and allegoric, 
rth American Indians, 12mo, 1856, Philadelphia Lippincott, 
Ion). 

Hr. Schoolcraft made a report to the New York HiHtorical 
1 the aboriginal names and geographical terminology of the 
Bw York. The next year he read a paper before the same 
titled "Historical considerations on the siege and defence of 
rixinl77T." He also aabmitted to the Smithsonian I nsti- 
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tation R plan for the inveetigfttfoD of Ameiicui ethnologf , and con- 
tributed to the Danish Society of Northern Antiquaries archeoIogi>;al 

investigations on western Virginia, Ohio and Canada. 

"He wrote also: The rise of the west I or a prospect of the Mississippi 
valley, a poem; Gehale, an Indian lament; Indian melodies; The ' 
man of bronze : Iosco, orthe vale of Norma : Talladega, a tale of the 
Creek war; Helderbergia, an apotheosis of the anti-rent war (anonj- 
motis);" [Annals of Iowa]. An allegorical poem of his also appears in 
his "Journal of a tour into (he Intsrior of Missoari and ArkaneaR," 
publisbed in PfaUIips' "New voyages and travels," vol. iv, entitled 
"Trsnsal logon ia, or the groana of Missouri." 



CLASSIFICATION AND ORIQIN OF THE CHIEF GBOORAPHIC 

FEATURES OF THE TEXAS REGION.' 

By RoBlRT T. HiLl, Aania,Texu, 

In thiapai)erit is propoaed to give a brief claaeification of 
the topographic and geologic features of the extensive area of 
Texas. Evidently ao brief a mention of this vast region will 
be neither exbauative nor detailed ; it is a preliminary state- 
ment of some of the great features which will be more accu- 
rately delineated by thoae who with better facilities will here- 
after conduct accurate surveys of this region, whichhasasyet 
been only partially reeonnoitered.' 

The size of Texas can best be appreciated by remembering 
that it constitues in area one-twelfth of the Union, and pos- 
sesses nearly every topographic and geologic condition found 
in the states south of the glacial region. It reaches one-half 
the distance from the waters of the Gulf of Mexico to those 
of the Pacitic, and ita longitude ia proportionally great. A 
general idea of the diversity of its natural features can be 
obtained by brief comparison with the more familiar condi- 
tions of the adjacent atatea. The northeaatern corner of the 
state is a continuation of the forest covered aanda and clays of 
the low aouthern cotton belt with ita charactenstic natural 
and cultural aspects; the southwestern corner, west of the 
PecoB river is a prolongation of the Rockymountain and basin 

' For a statement of the previous claeei&CHtion of the topography of 
Texas, see bulletin 45, U. S. Geological Burvey, entitled "The present 
condition of geologic knowledge of Texas," pp. 52-63. 

* The TeiHB state survey, under the vigorous administration of Mr. 
E. T. Dnmbte, is now prosecuting a survey of this interesting portion 
of the United States, which has so long l>een neglected, and to which 
I have endeavored to attract scientific investigation. This paper is 
not intended to forestall any results of the survey, but to place at ita 
disposal the matter herein contained. . 
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topography, with ita unique geology and is radically different 
from the section first mentioned ; the extreme noithwestern 
corner, or the Panhandle, is the southern end of the great 
plains, familiar to us in their northern extent through Col- 
orado, Kansas and Nebraska. Between these diverse regions 
— the cotton belt, the Rocky mountains and the Great Plains — 
and entirely surrounded by them, lies the main portion of the 
state, exceeding all others in area, and so incomparable to 
any other portion of the United States that it is peculiarly 
worthy to be called Texan. It possesses almost as great a 
diversity of geologic and topographic features as all the others. 
To scientifically differentiate and define this Texan region 
and establish for it a proper appreciation in the minds of our 
geographers and geologists is the object of this paper. 

Topographically the Texas region consists of a series of 
extensive, elongated parallel benches and plateaus, extending 
approximately in a north and south direction, and abruptly 
terminated at each end by great mountain systems extending 
at right angles to them — an arrangement comparable to a wide 
stairway, in which the plains are represented by the steps, 
and the mountains by the enclosing walls. This analogy can 
not he carried far, for great irregularities and depressions 
will be found in the width and tread of the steps, and the 
structure of the mountains, which represent the enclosing 
walls, is of two entirely different schools and periods of arch- 
itecture. The wear and tear of time has scarred and disfig- 
ured the region, leaving footprints where the drainage or other 
erosion has crossed the plains and worn the mountain walls. 

In this paper it is proposed to classify these features in the 
sequence of topographic origin, as follows: (1) Plains, (2) 
Valleys, or depressed areas produced by the erosion of plains. 
(3) Mountains, which may be considered disturbed and 
crumpled plains. 

(1). The Plains of Texas. 

The steps, or plains, with oiie exception, are treeless, and 
upon close examination, prove to be a series of ancient base 
levels, which have been elevated more or less rapidly and in- 
termittently in post Cretaceous times. These increase gradu- 
ally in altitude towards the interior, varying in hight from 
sea level to more than three thousand feet. Beginning at the 
coast these may be tenaporarily classified as follows: (1) 
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The Coast Prairie region. (2) The Sandy, Forest, or Lignitic 
region. (3) The Grand Prairie region. (4) The Staked 
Plaine. 

TRe Coast Prairies. 

The coastal portion of the main land of Texas, from the 
Louisianian to the Mexican border, extending inland from 
fifty to one hundred miles, couBists of a perfectly Sat, usually 
timberless plain, elevated not over two hundred feet above the 
galf at its interior margin, and dipping so imperceptibly 
eastward that it appears to be a landward continuation of the 
great submarine bench of the gulf of Mexico. From the 
deficient drainage and the inconspicuousness of its waterways, 
and its absolute uniformity of surface, it is evident that this 
plain is a newly developed surface feature which has not long 
been reclaimed from iouodation — a fact which ie further 
attested by its unconsolidated sub-structure and the occur- 
rence among its fossil remains of the species still existing in 
the adjacent waters of the gulf. Although bat a fraction of 
the total area of the state of Texas, this prairie ia an extensive 
formation, occupying many hundred square miles. It is, 
perhaps, the best example of a newly born topographic plain 
in this country and approximatcB to an ideal, present base 
level. This feature can be studied along {he linea of the 
Southern Pacific and Texas Central railways, between the 
Sabine and Hempstead, Texas. Stratigraphically, this forma- 
tion has been but little studied. The absence of timber is due 
to poor drainage, and the salinity and compactness of the 
structure. Concerning its evolution and history more will be 
said in the conclusions of this paper. Its interior margin is 
rolling and its transition into the next feature is abrupt. Its 
structure and age have never been defined or delineated with 
any satisfaction, and are a fertile field for investigation. 
(2), The Sandy £iffnitic, or Forest Area. 

The western, or interior border of the Coast Prairie region, 
becomes slightly undulating, and is immediately succeeded by 
a radically different topographic and geologic aspect. The 
altitude perceptibly increases, and a more or less continuous 
forest succeeds the prairies. The soil presents the red and 
white aspects peculiar to the sands and clays of the Tertiary 
and Quaternary formations of the Gulf States. This is the 
southwestern termination of the great Atlantic timber belt. 
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which covers with its mantle of a continuous flora the whole 
of the Atlantic slope (except the Coast Prairie) and the 
Appalachian region. This penetrates the northeastern portion 
of the state and continues southward across it toward the Rio 
GTande,butbecomesleBBConepicuouB, and almost obsolete south 
of the Colorado river, where the climatic conditions are more 
arid. Its western border terminates abruptly, as if there were, 
though there ia not, some great topographic barrier, as a lake 
or a desert. To the ordinary observer there is no reason why 
the forest should end so abruptly, but to the geologist it is 
readily explicable when he perceives the radical change in 
structure and composition of the underlying formations, the 
western border of the forest coinciding almost exactly with 
the western border of the previous soils of the arenaceous, 
non-calcareous, post-Cretaceous formations, and that of the 
compact, Buper-calcareous marls of the Cretaceou?. The post- 
Tertiary subsidence has reduced the parting of the Upper 
CiStaceous and Tertiary formations to a common level. Al- 
most concealed by this forest covered area of northeastern 
Texas, is a most interesting topography. In riding over it, 
with the view obscured by the dense timber, it at first glance 
appears to be a succession of rounded hills, but an occasional 
flat-topped divide is reached, which, upon comparison with 
others, proves that the whole country is the remnant of a 
greatly degraded but still diBtinguishable plain and that the 
inequalities are those of the drainage slopes. These drainage, 
basins, owing to the readiness with which the unconsolidated 
structure yields to erosion, now occupy a far greater area than 
the remnants of the ancient plain in which they are carved. 
The present level of the rather sluggish streams is from 100 
to 200 feet beneath the divides, and very little above tide 
water. Their fiood-plains are wide and somewhat unstable, 
a few feet above these are the inevitable accompaniments of 
all the major streams of the southern planting region, known 
as second bottoms, often k mile or more in width, while still 
, above and beyond these, marking the edges of the valley, may 
he one or more benches, which are usually inconspicuoQB, 
because of the unstable condition of the unconsolidated struc- 
ture and the rcBemblance between the transported terrace 
material and that of the underlying beds. The flat-topped 
divides and wide valleys characterize the whole extent of the 
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•Kpaa, which ia an ancient plain, whoee individuality has 
nearly been destroyed in the proceaa of its redaction to mod- 
em base level, and by the elevation and subaidences which it 
has nndergone in poet-Tertiary times, of which more will be 
said later on. Within this timbered area there ia a great 
diversity of minor topographic and geologic features similar 
to those mentioned in my Arkansas report, which can not be 
described here. The most conspicaouB of these are (1) minor 
prairieaof late Quaternary origin, and (2) a great deposit of 
gravelly debris extending from Arkansas to the Bio Grande. 
These late Quaternary prairie formations are of two kinds of 
sediments and posBibly of two epochs. In north Texas, as at 
New Boston, and in Arkansas, they are composed of sterile 
clay derived ^om the Ouachita system and are of no agri- 
cultural value. South of the Trinity, extending to the Rio 
Grande, they are known as "black prairies," and are often con- 
founded with the true Black Prairie region, described later, 
for their structure is the debris of the chalky formations of 
the latter, degraded, transported and redeposited in later 
limestone of the numerous examples of redeposition so 
abundant throughout the cotton belt. These prairies are of 
varying extent and distribution. I tentatively coneidertbese 
of later origin than the gravel.* The gravel marks the line of 
sea level at the epoch of the deposition of the Plateau Gravel 
of Arkansas, which was early Quaternary, of which it is the 
direct aouthem continuation, the general trend of that forma- 
tion changing after crossing the Red river, from west 
to west of south, and leaving the mountain system to the 
north. The average altitude of this great gravel deposit ia 
from four to five hundred feet, and its width seldom exceeds 
fifty miles, yet it extends intermittently from the Ouachita to 
the Rio Grande, and doubtless it will some day be correlated 
with the Mississippi and Maryland deposits of a similar 
nature and the intimate relation of the time of its marine 
deposition to the entirely different, glacial phenomena of tlie 
northern states, fully' deciphered. The material of this great 
gravel deposit varies with the character of the formation of 
the interior from which it was derived, and has not been trans 
ported from the north. In Arkansas it ia clearly the debris of 
the Ouachita system against which it was deposited. In the 
central part of its extent in Texas it is composed of the debris 
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of the granitic and older limestones (palseozoic) of central 
Texas. Southwest of the Colorado it is made up of flint, the 
quantity of which is so great that it exceeds the power of one's 
imagination, to consider the enormous amounts of chalk 
deposits of the Lower Cretaceous which must have been 
destroyed during its deposition. Another problem awaiting 
future solution concerning the Lignitic area is whether the 
ancient base level which the gravel represents did not aUo 
include the Black Prairie region next to be described. There 
is also some evidence that while the eastern border ol it was 
thus included, the main portion of the black waxy area was a 
nearly allied, but slightly earlier epoch. The chief and pre- 
valent structure of the Lignitic area, however, is that of alter- 
nations of unconsolidated sands and clay of a thousand or 
more feet of thickness of the extensive formation known as 
the Eo-Lignitic, or basal Tertiary. These sands contain 
minute black specks of glauconite or limonite, which, owing 
to the porosity of the formation, quickly undergo hydrous 
oxidation, lixiviation and segregation, giving the country its 
red color and causing the stratified beds of workable iron 
ores. Topographically and historically then it may be con- 
sidered the remnant of an ancient plain which has been much 
d^raded by atmospheric agenuies and alternations of post- 
Tertiary subsidences and elevations. 

The Mlack Prairie Region. 
Immediately interior of the Sandy Lignitic area, radically 
different, lies the Black Prairie, the richest and largest con- 
tinuous body of agricultural land in Texas, and hence the 
most important from a cultural ae well as scientific aspect. 
It extends in an unbroken body across the state from Indian 
territory to Mexico. The narrowest portion of its area is about 
twenty miles in width west of Austin where the Colorado 
transects it. From that point, however, it widens in both 
directions until its broadest margins — over one hundred miles 
in width — rest upon the Red and Rio Grande respectively. 
The topography of the area was well defined by Dr. Ferdi- 
nand Roemer, some forty years ago, as the "Sanftwollige 
hiigle land," or gently undulating region. When viewed from 
a distance it is apparently level, but upon closer inspection it 
is found to consist of many gentle undulations, which eeemto 
differentiate it throughout its extent from the topography of 
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other prairieB. The soilie very black and sticky when wet 
and has the tenacity of wax, from which fact is derived its 
name. It ib the residuum of the thousand feet of chalky clays 
(marls, in the English oense). The black color, which is 
superficial, is caused by the reaction between the excess of 
lime and the roots and debris of the surface veRetation. The 
average altitude of this prairie is from 500 to 800 feet through- 
out its extent and constitutes a uniform bench or phiin slop- 
ing gently to the southeast. As above stated there is no per- 
ceptible scarp or other topographic line of demarcation 
between its eastern border and the timbered region, except the 
cessation of timber growth, hut its western border is every- 
where most conspicuous from strong escarpments. The 
nature and origin of these scarpR, however, ore radically differ- 
ent north and south of the center of the state. From the Red 
river to the Colorado the western border is marked by the 
scarp of white chalky rock (the westernmost outcrop of the 
Aastin Dallas chalk, Niobrara) surmounting blue clay 
shales (Eagle Ford shales). This escarpment is continuous 
except where cut by rivers, from Austin to Denison, 200 miles 
above the depression occupied by tlie Cross Timbers to the 
west. In common with every other inequality of the earth's 
surface in Texas, this scarp is locally called "mountains." ' 
The chalk is likewise known as "white rock," and hence I pro- 
pose for it the name of the White Rock scarp. It can be dis- 
tinguished even upon ordinary maps by the small fringe work 
of minor streams which drain its summit to the eastward, and 
the streams which are deflected along the strike of its base. 
The chalk or white rock forming the summit of this scarp is 
the immediate geologic antecedent of the marly clays under- 
lying the main black waxy area, and I classify it as a sub- 
division of the black prairie region. It marks the western 
border of that region throughout its extent, but seldom has an 
areal outcrop of more than a mile or two. Its topography is 
slightly different from the main prairie, in that it is a little 
more undulating and usually covered with a sparse growth of 
handsome live oaks. In general appearance it is always con- 
trasted with the Downs of England by those who have seen 
both regions. Immediately beneath the chalk there is another 
horizon of clays (the Eagle Ford shales) which, especially 
north of the Colorado, makes another black waxy strip of a 
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liles Id width. Tbe eiztb ward of Austin is typical of this 
vision of tha Black Prairie. This is especially conspic- 
in Hill, Dallas and adjoining counties. It is usually dat, 
ssesses undulations of the diminutive character known 
g-wallowe, caused by the shrinkage, cracking and erosion 
B calcareous marls under the alternating conditions of 
mes of moisture and drouth. For this subdivision which 
ot hitherto been differentiated, I propose the name of the 
r Black Waxy, or Eagle Ford prairies. 
is escarpment and its accompanying valley are like those 
e middle districts in Britain running from Yorkshire 
'ds Dorsetshire, between the Chalk range of the North 
18 and the parallel ridge of the Lower Greeasands, and 
ibed by Phillips' as valleys of stratification, "which are 
y alternations of clays and limestone resting successively 
each other and tilted up at an angle so that the several 
dip to the southeast," exactly as in the case of White 
scarp, the Washita or Fort Worth limestone repreeent- 
le harder over and underlying limestones, and the Eagle 
clays and the Lower Grose Timber sands the softer in- 
d layers. "The clay being formed of impalpable mud, has 
rfftce particles loosened year by year under the influence 
nospheric agencies, etc. Thus, in time, the clay becomes 
wed out into a valley more or lees deep and broad, while 
imestone, which is less easily broken up by the frost and 
Few loose particles which can be carried away by 
■ and is only slowly dissolved by the carbonic acid, 
' * * wastes less rapidly * • • * and 
) stands up as a terrace margining the valley hol- 
I out in the clay below it." And such is the origin of 
i^hite Rock scarp and the lower Cross Timber valley. It 
Id also be remembered that such valleys and scarps of 
fication are receding in the direction of the inclination of 
ock sheets, and later a question will arise, how far has 
/hite Rock scarp in the past traveled eastward across the 
of Texas? In other words, what was the former extent 
i white rock? Other conspicuous scarps of stratification 
xas are those of the Staked Plains and Grand Prairie 
mentioned later. 

e Balcones next to be described, upon the other hand. 
Ljaical (ieography and PaltDontology, Seeley, p. . 
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are scarpa of elevation and faulting produced by the pushing 
up or falling down of the country upon one side or the other. 
It Bhould not be forgotten, however, that every acarp and val- 
ley of stratification is necessarily the consequence of the ante- 
cedent disturbance or elevation of the earth's crust which 
raised the accompanying strata to their present iuclined 
position, and the line of this original disturbance is an im- 
portant bearing upon the origin and evolution of the 
topographic features under discusaioQ. South of the Colorado 
the western border of the Black Prairie is no longer a decliv- 
ity, bat ends against an elevation — not of its own area, but of 
the region against which it abuts. 

The Balcones. 

This scarp, although apparently a continuation of the fore- 
going, is not related to it by origin or by direct connection. 
It is an important and conspicuous topographic feature in 
Texas. This feature has frequently been referred to by the 
writer as the Austin-New Braunfels non-conformity, for it is 
along its line south of the Colorado, that the rocks of the 
lower Cretaceous series which form the highlands of the Grand 
Prairie, d^> so unconformably between those of the Black 
Prairie, or upper Cretaceous region, accompanied by faulting 
of several hundred feet. 

In traveling across the Black Prairie, the western border is 
terminated by what is apparently a low mountain system 
rising two or three hundred feet above it. Upon ascending 
this it is found to be surmounted by a level plateau — the 
scarp being the eastern face of a great monocline which marks 
the border of the Grand Prairie next to be described. The 
International railroad follows the footof this escarpment from 
Austin to San Antonio, and the Southern Pacific follows it 
from that city westward to the Rio Grande. The topography 
of this feature was partially represented upon some of the 
earlier maps of Texas as a mountain system, especially on 
the geological map published by Dr. Ferd. Roemer in the year 
1S42. The Spanish speaking people — ever ready with an ap- 
propriate descriptive geographical name — have called this 
scarp west of San Antonio "El Balcones." 

Why the Grand Prairie south of the Colorado should thus 
terminate in an eostwardly facing scarp, while the one north 
of that stream faces in a direction apparently opposite to it 
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ta long puzzled the writer, and only lately has the reasoa 
len discovered. The line of the Balcones is a fracture 
:tending acroea Texas from Mexico to Arkansas. North of 
le Colorado, however, it is concealed by the overlap of the 
lack Prairie, beneath which it extends onward to the 
uachita mountains. South of the Colorado it elevates the 
istern edge of the Grand Prairie, north of that stream it 
evates the western edge of the Black Prairie. 
The Grand Prairie, whose rocks before the culmination of 
lis disturbance dipped sharply eastward, were elevated west 
'it to an almost horizontal position, while the southern 
vision of the Black Prairie, at least in places, was lowered 
'ter the manner of the downthrow of a fault. This line of 
sturbance continues six to ten miles north of Austin, crosses 
ito the northern division of the Black Prairie region, which it 
averses in a direction a little east of north, and slightly 
ilique to the strike, thereby elevating its western edge. 
This disturbance is marked by two conspicuous and prob- 
)ly associated phenomena. The first and most intimately 
innected of these is a line of springs which find their way to 
e surface through the fault and joints overhanging the line 
'disturbance. The most conspicuous of these are the springs 
'the Leona, the San Pedro springs at San Antonio, which 
e the immediate source of the San Antonio river ; the springs 
New Braunfels. and the springs of San Marcos. Near Aus- 
n, the Barton, Mormon, Sieders, and a group of magnificent 
inamed spring in the bluffs of the river, immediately west 
the city, mark the line. North of the Colorado the springs 
'Round Rock, Georgetown, Salado, and those southwest of 
alias, mark the line. All of these are great gushing streams 
' water bursting suddenly from the rocks, and flowing off in 
rge streams, discharging thousands of gallons per hour, 
[ley are natural artesian wells made by rents in the rock. 
It is an interesting economic fact that anywhere within a 
w miles of these natural wells, artificial ones can be obtained 
J boring, as has been done at San Antonio, Fort Worth, 
ustin and Waco. 

The Shumaril Knobs. 
The second interesting phenomenon intimately connected 
ith this disturbance is a number of laccolitic, possibly vol- 
inic, outcrops, which extend across the state in a line almost 
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coincident with the Balcones. These have partially been 
described in previous papers ; the most conspicuous exam- 
ples are old Fort Inge, near the present town of Uvalde, and 
Pilot Knob, south of Austin. The dikes reported at Rock- 
wall, some two hundred miles north of the last mentioned 
locality, and the peridotite outcrops of Pike county, Arkansas, 
recently described by Branner, are directly in the trend of the 
disturbance, A more intimate connection will no tfbubt be 
shown when the intervening region is explored. For these 
hills I have proposed the name of Shumard Knobs, in honor 
of the brothers, G. G. and Dr. B. F. Shumard, the first state 
geologists. These knobs and their origin will be discussed 
later in a paper by Mr. Dumble and the writer. 
7^e Grand Prairie. 
This conspicuous plain lies immediately west of the Black 
Prairie region and extends across the state parallel with it. 
After crossing the lower Crosa Timber, as the valley which 
accompanies the base of the White Rock scarp is termed, or 
ascending the [aCarp of the Balcones south of Austin, the 
extensive plateau of this region is reached. As shown on the 
map it extends across the geographic center of the state in 
irregular outline from the Ouachita mountains, north of Red 
river, against which it abuts, to the Trans-Pecos and Mexican 
mountains, which have uplifted and destroyed its southern 
end. Its eastern margfn is regular, coinciding with the west- 
ern margin of the Black Prairie just described. The western 
border, however, is more irregular and broken in outline. 
Ljike the Black Prairie this region is almost divided by 
destructive erosion of the Colorado into two conspicuous 
areas, north and south of that stream. The northern area is 
the elongated plateau lying between and elevated above the 
two vallaya of the upper and lower Cross Timbers, as seen 
between Fort Worth and Weatherford, Waco and DeLeon, 
Gainesville and Henrietta, or along the line of any other 
transecting railway. The southern portion is similar in gen- 
eral aspects'and structure, except that it is wider and deflects 
westward into the truly arid region. Although a very unique 
area in Texas, there is no local name given to this southern 
division, except that universal and meaningless term "the 
mountains," which is applied to its eastern and western mar- 
gins — the Balcones and buttes respectively. Nine-tenths of 
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the whole area, however, is a level plateau, which could he 
considered a mesa were it not for the continuity beneath the 
Staked Plains of a small portion along the drain^e divide of 
the Colorado and Pecos. The central portion of the northern 
area is prolonged westward up the drainage divide of the 
Brazos and Colorado, for nearly two hundred miles, approx- 
imatel]bf olio wing the 32Dd parallel, in a narrowirregular strip 
of flat topped buttes and mesas. 

The stratification of the Grand Prairie is almost horizontal, 
except along the southeastern horder in the disturbed region 
of the Balcones, it approximately corresponds in inclination 
with the plateau. In color, composition, and scenic aspects 
these rocks and their stratification resemble no other region 
of North America, but I am informed by many reliable gen- 
tlemen of culture who have migrated into the region from 
western France and Switzerland that they are almost identi- 
cal in aspect to the Cretaceous and Jurassic rocks of their 
native lands, a coincidence which is here given for what it is 
worth. To this structure and its method of disintegration is 
due the individuality of the topography of the Grand Prairie, 
and their extent is coincident. 

The western border of the Grand Prairie is especially inter- 
esting and unique. Like that of the Black Prairie it is a 
scarp of stratification, but it would take the pen of a Dutton, 
or the brush of a Holmes to picture the superb carving and 
stratification of its beautiful topography. The edge of the 
surmounting plateau is from three to five hundred feet above 
its base, and everywhere overlooks the lower and difierent 
region upon which it borders. Owing to the innumerable 
alternations of hard and softer layers it presents a series of 
persistent benches and terraces of stratification which are 
uniform in contour and extent, and an imitation of water- 
made terraces.' 

The line of this escarpment is very irregular, forming innu- 
merable curves and points. Sometimes it follpws the tran- 
secting riv«TB until almost the eastern margin of the region is 

'This topography ia Tairly represented u^ion the topographic sheets 
of the U. B. UeologicHl Survey, especially the Gateflvilfe and Burnet 
sheets. The principles of its formation are described in chaptnr iii ot 
that admirable treatise "Lee Formes du Terrain," hy Be la Koe and 
De Mai^erie, while the illustration of the VHlley of' the Bienne, in 
Jura, on plate vi, is a perfect picture of the feature under discussion. 
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reached, aa at the valley of the Colorado near Austin. The 
entire length of thia scarp with its principal meanderinga 
acroea the state of Tesae can be little leaa than 1,000 miles. 
Accompanying the scarp are innumerable circular flat-topped 
outliers of the main plateau which have been completely 
separated from it by this fantastie atmospheric erosion, and 
which fringe the margin throughout its extent. These are 
typical "buttea," the level mesaa or tops of which are capped 
with the identical stratum and geological horizon which eur- 
mounta the main plateau of the Grand Prairie. In symmetry 
of proportion and horizontality of the composing strata; 
and in clearness of every detail of structure, there are no 
grander or more unique examples of atmospheric erosion in 
our country. Often these buttee are forty to one hundred 
miles from the main area of the Grand Prairie, and are inval- 
uable landmarks in tracing the history of its degradation. In 
a previous' paper I gave the central paleozoic area the name of 
the Butte or denuded region, from the distribution of these 
features over it. Among the most characteristic and typical 
of these buttee ore Comanche peak, Hood county, Johnson's 
peak, .Round mountain, Santa Anna mountain, Church moun- 
tain, Caatle mountains. "Pilot Knob," Williamson county, 
the Two Star mountain in Hamilton and Comanche counties, 
Poet mountain, Burnett county.' 

The altitude of the Grand Prairie gradually increases from 
1,000 feet at its eastern edge to 2,000 feet along its weetermost 
border, where it is covered by the Staked Plains formation. 
There is little or no disturbance throughout its area. 

The major rivera have cut deeply through the Grand 
Prairie and their valleys present the some atmospheric 
terracing of the western border.' In places these river valleys 
assume the aspect of vertical caDons, as in the Colorado, 
Pecoa, Rio Grande and Red rivers. The depth of these val- 
leys below the level of the plain increaaea southweatward from 
200 to 700 feet. Another set of rivers are wearing their way 
by backward erosion acroas the Grand Prairie from its east- 

* In a previous list, by slip of pen, the writer included Packeaddle 
monntain, Barnett county, m this category. This is entirely a distinct 
type of fteologic and geographic structure, Bee Waluott, Am. Jour, 
Sd., 1886. 

n will be discuseed in the second 
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ern edge. These have their origin in the springs on the east 
arising along the great fault line at the foot of the Baloonades. 
The Nuecea, the San Marcos, Guadalupe, San Gabriel and 
Trinity helong to this class. The last two have completed 
their journey across the plain and now head in the Central 
region. 

Although the Grand Prairie is deeply scored by the tran- 
secting streams, and its western border fantastically carved 
by atmospheric erosion, it is nevertheless a continuous and 
uniform level plain, and a unique geographic unit. The platr 
eau is treeless and contains many characteristic species which 
justify its separation into a floral province, intermixed with 
species from the arid region. After each season of rainfall 
its ordinary hue of dry-grass brown is succeeded by varied 
flowers of indescribable beauty in their changing colors. The 
soil is usually shallow, and is the residuum of the chalky sub- 
structure, which is of varying degrees of induration. Its pre- 
valent color is dark chocolate, which readily distinguishes it 
from other limestone soils in the state. Although differing in 
altitude, topography and structure from the Black Prairie 
region, this section has never been clearly differentiated. 
Owing to the shallowness of the soil and the different condi- 
tionsof rainfall, but few small areas of the Grand Prairie are 
adapted to agriculture, while nearly every acre of the Black 
Prairie is utilized. The underlying structure of the Grand 
Prairie ia that of the Comanche series,' consisting of alterna- 
tions of chalky limestones and marls of varying degrees of 
induration and thickness. These rocks are so much harder 
than the upper Cretaceous sediments underlying the Black 
Prairie region that the region has been appropriately called 
the hard lime-rock region." This name can not be retained, 
however, owing to the fact that the chalky rocks of the Grand 
Prairie are soft in comparison to the extensive areas of hard 
metamorphosed limestone in the older rock regions. The 
Grand Prairie, in view of these facte, may now be considered 
a plateau, with one exception, everywhere standing above the 
surrounding region. Its eastern edge suddenly bends beneath 

' See "Topography and Geologv of the CroBS Timbers of Texas," 
Am. Journal ot Science, April, 1887, Am. NaturaliBt, Keb. 1887, Proc. 
Philosophical Swiety of Washln^n, Feb. 1887. 

" See "A Description ot Future Tesaa," by Gov. O. M. Roberts, St. 
Lonifi, 1881. 
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the black Prairie, while the eroded and scarped western edge 
is rapidly receding eastward. That it once covered continu- 
oaely the next region to be described is evident, the present 
extent representing about one-half its former extent. 

The next and moat coaspicuoua plain of Texas is the Rtaked 
Plains. Before it can be properly described, however, it is 
necessary to consider a great depressed area, which, except at 
its southeast corner, everywhere intervenes between it and the 
Grand Prairie. 

The Central Denuded Region. 

In a brief article published in the American Journal of 
Science for April, 1887, the writer included all the vast region 
of the northern half of Texas, lying between the eastwardly 
receding White Rock scarp and the westwardly receding scarp 
of the Staked Plains under the generic term of the Central 
Denuded or Butte region, since all the included topography 
(except that of the Grand Prairie, which in this paper is 
removed from the classification) istheresult of erosion accom- 
panying the recession of these scarps. This classification, 
being more structural than topographic, however, can only be 
used temporarily for present convenience.' The area em- 
braces great diversity of geologic substructure, mostly of pre- 
Cretaceous age accompanied by a variety of topography, which 
may be provisionally divided us follows : (1) The Old lioek 
regions, embracing (a) the Palo Pinto or Coal country, and 
(b) the Llano, or Marble, Granite and Iron country ; and (2) 
Th« Red Beds, including (a) the Abilene country, and (h) 
the Gypsum country. 

Viewed from any point upon the scarps of the Grand Prairie or 
Staked Plains which surround it, this region is seen to occupy 
what is apparently a depression from 500 to 1,000 feet below 
them and extending from the 98th to the 101st meridians, 
north of the S2nd parallel, into southern Kansas. 

The older rock portion occupies the eastern third of the 
region, while the more extensive Red beds occupy the remain- 
der. 

Older Rock Regions. 

From the margin of the Grand Prairie the extent of the 
lower, more rugged, and timber- covered areas of the central 

'This Central Denuded regioa is an illuatratioc of an ancient anti- 
clinal elevation, which has been reduced to a depression by subsequent 
eroaion. <SeePartii). 
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paleeozoic, or older rock regions, can be seen for many miles. 
These are two sub-oval areas extending north and south in the 
geographic center of the state from near Red river to the Col- 
orado, between (he 98th and the 99tb meridians, and separated 
by the narrow strip of the Grand Prairie beneath which they 
are no doubt continuous. Lithologically this northern region 
iB composed of the older and more consolidated sandstones, 
limestones and clays of the Coal Measures with the same 
aspect of soil and flora, much stunted by drouth, and general 
sterility of cultural aspects like the Coal Measures of the 
Appalachian and Ouachita regions. The Boutbem area, in 
addition to these^Carboniferous rocks, possesses still older and 
harder rocks, consisting of limestones, sandstones and schists 
of the Silurian (San Saba formation), the Potsdam (Packsad- 
dle formation) and the Cambrian {Llano formation) respect- 
ively, accompanied by some remarkable granitic upthrusts 
and domes, some of which, as I have previously shown in this 
journal,'" as late as post Carboniferous. For the northermoBt 
of these areas I propose the name of the Palo Pinto country or 
Coal Region, and for the southernmost, the Llano country, or 
Granite region. 

The detailed stratigraphy and structure of these important 
regions are unrecorded in geologic literature. But it is evi- 
dent from the few cursory examinations I have been able to 
give it that it is what was once a region of much disturbance, 
but not so excessive as the folding of the Ouachitas or Appala- 
chians. While the latter have remained above oceanic inun- 
dation since CarboniforouB time, their Texas counterparts were 
buried probably beneath thousands of feet of sediments during 
the lower and upper Cretaceous subsidences. It is also quite 
evident that this Older Rock region was the vicinity of the 
continental divide which from late Cretaceous to early Quat- 
ernary time separated the waters of the Atlantic from the 
interior lakes. That they are at present exposed through the 
erosion of the thousands of feet of Cretaceous strata that once 
covered them is evident. Their former extent and their rela- 
tionship to the Ouachita system on the one hand, and the 
Rocky mountains on the other, are still concealed by the over- 
lying Cretaceous rocks. 
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The Bed Beds. 

North of the Colorado region and west of the Coal region 
the denudation of the CretaceouB strata is more complete, and 
there is exposed between the 99th and lOlst meridiaa, extend- 
ing north into KanBaa, a large area of country for which, from 
the prevalent color of its surface and its affinity to similar 
formations in the west, to which the name has been given, I 
propose the name of the Red Beds. This region is included 
between the scarp of the Staked Plains upon the west, the 
scarp of the western prolongations of the Grand Prairie upon 
the south, and the Palo Pinto or Coal Measures uponthseast. 
Topographically it consists of rolling treeless plains becoming 
more broken toward the Staked Plains by the valleys of the 
numerous arroyos and wide flood plains of the few rivers that 
transect it. Its flora is that of the arid region. The soil is 
marly and void of much humus, and usually of a vermilion 
color. Unprotected by turf and exposed to driving rains after 
long intervals of drouth, the region readily yields to disinte- 
gration and denudation, producing deeply caftoned arroyos, 
the depth of which increases in proportion to the proximity 
of the plains, forming large areas known as the "breaks of 
the plains," making typical exposures of bad lands, similar to 
those of the other portions of the arid region. 

The few rivers which transect the region, as the Red, the 
Canadian, the Brazos and the Colorado, of the second class," 
and the Pease and Wichita of the third, possess exceedingly 
wide and deep valleys, with low and inconspicuous scarps and 
are especially marked by very wide flood-plains, filled with 
quicksands and out of all proportion to the small volume of 
water which ordinarily fills them. Those who have seen the 
valleys of the Platte, the Cimmaron or the Arkansas between 
the same meridians will readily recognize the type of streams 
to which they belong. 

Structurally the region is composed of almost horizontal 
westwardly dipping" strata of unconsolidated clays, loosely 
segregated red-brown and mottled sandstones, and massive 
beds of gypsnm which collectively compose the as yet un- 

" For clMsification of rivera of the Texas region, see vol. ii. Annual 
Report of the state geologist of ArkacsBH, 1S88. 

" The Red Beds represent the western inclination of the anifcline 
of the Central Denuded region. 
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meaEured thousands of feet of strata of post Carboniferous 
and pre-Cretaceous strata which have been ascribed to the 
"Permian," "Triassic," "Jura Trias" and other ages, notwith- 
standing the fact that no stratigraphic section of the region 
has as yet been made. That the present plateau of the Staked 
Plains once extended eastward across this area, meeting and 
overlapping the Grand Prairie, is everywhere evident from the 
destructive denudation now going on, and the fact that this 
condition still exists in the region preserved from denudation 
south of the Concho. 

This region is divisible longitudinally into two distinct sub- 
areas, the easternmost of which has the local name 
of the Abilene country, after the name of its principal city, 
and the westernmost, the name of the Gypsum country, 
owing to the preponderance of that mineral in its strata. 
The Albilene Country. 

The eastern half of the Red Beds extending along the west- 
ern Red Beds border of the Palo Pinto or Coal Measure coun- 
try is comparatively mora level than the western half or Gyp- 
sum country. Its waters and soils are less impregnated with 
gypsum, and the latter are susceptible of a more profitable 
agriculture. In fact much of the region consists of beautiful 
level plains distinguishable from other prairie regions of the 
state by its vermilion colored soil. The lands around the 
towns of Abilene and Wichita Falls, and some of the so-called 
Concho country are characteristic of this division. Its sub- 
structure is different from that of the Gypsum country, in that 
itembracesthelower or "Permian" portion of the Red Bed sec- 
tion which is composed of rocks of a darker brown or mottled 
greenish color with very little gypsum. Within the past few 
years this region of Texas has become well settled by immi- 
gration and is now one of the thrifty portions of the state. 
Conspicuous features of this country are the numerous minor 
scarps striking north and south giving the country a ter- 
raced appearance. 

The Qypaum Country." 

This is the western half of the Red Bed region. It is more 
broken than the Abilene country and accompanied by many 
buttes and cafions. Owing to the stratified beds of massive 
gypaum everywhere predominant that mineral gives the coun- 
try its chief characteristic, producing variety in color of land- 

" Good views of typical (ivDSum country topograpy are given in 
Marcy's Exploration of the Red river. 
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scape, and impregnating its soil and waters with exceasiTe 
proportions. It increaaes in ruggedness ae the foot of the 
Plains is approached, forming in places the bad lands above 
mentioned. 

The Red Beds underlie the Plains, although they are not 
their surface formation, and are often cut down to by the val- 
leys of the rivers which indent or cross them, as the Pecos and 
the Canadian. 

It is probable that the Red Beds never extended across the 
central paleeozoic area, and that they were laid down in an 
interior sea whose eastern shore was limited by that feature. 
More investigation is needed upon this subject and the state- 
ment is only tentative. 

The Llano Eatacado or Staked Plains.'* 

Within the past few years the newly constructed railways of 
Texas and New Mexico have placed within easy reach of the 
geologist this the greatest of all Texaa plains, which formerly 
was almost unapproachable from lack of facilities for trans- 
portation. By their aid it was possible to make a preliminary 
reconnoissance of what is, perhaps, areally the greatest con- 
tinuous and least denuded plateau of our country. Geograph- 
ically the Staked Plains of Texas and New Mexico include the 
quadrangular region south of the Canadian, east of the Pecos 
and west of the 101st meridian. Topographically this region 
is a single plain, or mesa, terminated except at its extreme 
northwest and southeast corners by vertical precipices every- 
where standing in grand contrast above the surrounding and 
lower region. The surface of this plain is smooth and un- 
broken, except at its edges. Its surface, as a whole, slopes to 
the eastward, its greatest elevation is at the northwest corner. 
Hydrographically the whole surface is void of running streams, 
and could be classified after G. DeLa Noe as "Regions sans 
ecoulement," i.e., in which there are no streams, and the 

"The name of these plain? has been attributed by those of an imag- 
inative tnm ot mind to a supposed row of Btakes, allefted to have been 
set up by ancient Mexican travelers for the purpose nf guide post^. It 
is well known howeverthatlndian trails have existed acroes the Plains 
since they were first hnown, and besides the frontiersmen would not 
resort to such devices even if they possessed the timber lor the pur- 
pose, which in the present instance it would have been impossible to 
secnre. The term Llano estacado alludes to the great scarp or step of 
its borders. 
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email amount of Burface water which is not imbibed by the 
soil, is found in a few and widely distributed ponde. Its 
eaetern and northern edges are incised by deep and vertical 
cafioDs of streams which are cutting by backward or head- 
water erosion. Two streams flow across or around the plains, 
but in origin they are probably antecedent thereto, as will be 
shown later. These are the Canadian and the Pecos. Neither 
of them receives any of the surface drainage of the plain. The 
rainfall, principally from June to September, is from 20 to 25 
inches (estimated). 

The surface of the plain is everywhere composed of the rich 
transported sedimentary soil which I have recently described 
as the Staked Plains formation," and which is from 100 to 
300 feet deep. From its structure and composition it is 
evident that it is either a lacustral or alluvial deposit, laid 
down in late Tertiary orearly Quaternary times. The forma- 
tion and its resultant soil differs from all others in Texas, and 
notwithstanding th6 deflcient rainfall, the plains are rapidly 
being settled by an industrious population. 

Upon every side, with the slight exceptions above mentioned, 
the plain is surrounded by majestic scarps, which afford splen- 
did vertical sections of the structure and the stratigraphy. 
These scarps are very irregular upon the eastern edge, and are 
marked by many deep, almost vertical cafions," such as Cafion 
Bianco, which is about nine hundred feet in depth. Eastward 
prolongations of these plains extend down the principal drain- 
age divides, and probably were once continuous across the 
present denuded region to the Grand Prairie, as is still the 
case with the divide of the Pecos and the Colorado. The 
northern and western scarps — those of the Canadian and the 
Pecos respectively — are more regular and less jagged. It is 
not appropriate at the present time to enter into a discussion 
of the age or detail of this structure, but it is sufficient to say 
that in these scarps at various places can be seen a grand 
sequence or strata, from the palEeozoic rocks at the base ofits 
southwestern corner, the Red Beds formations above them, the 
Grand Prairie formations above these, and surmounting the 
whole, the peculiar formation of transported loam, gravel and 
other soil which constitutes everywhere the summit of the 
" American Ass. Adv. of Science, Toronto meeting, 18SS. 
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plain, and for which I propose the name of the Staked PlainB 
formation. In addition to these are several horizons at the 
northwestern (and perhaps along the western) border which I 
have not studied, one of which is the long-disputed Jurassic 
horizon of Marcou, for which I here propose the name of the 
Tucumcari formation, for convenience of reference. 

The extreme precipitousness of the scarps, and caflons", the 
poorly developed surface drainage, all indicate that these 
plains are a new topographic feature, but that several impor- 
tant events have taken place since its reclamation, as will be 
shown later. There is also little doubt that the plain once 
extended eastward across the Gypsum and Abilene regions, as 
is shown by the remnants atill preserved in places. It is like- 
wise evident that this plain has been elevated at its northwest 
corner, and its surface tilted to the southeast. 



ON LAURENTIAN AS APPLIED TO A QUATERNARY 
TERRANB. 

By Josiril P. JlHIs. M. Sr.. Wathiagton. 
U.S.CcnIoBiral Survpy. 

The difficulty of eradicating error when it has once crept 
into literature is the same as truth overtaking o. lie, which will, 
as the old adage tells us, "travel around the world while truth 
is putting on its boots." This a&vae kind of difficulty is 
exemplified every day in work of all sorts, and it behooves 
every one who notes an error to try to correct it. I have noted 
one of these errors which has been most persistently repeated, 
and its recurrence in an important and recent geological 
paper' has induced me to send the following note in the hope 
that the error may finally be eliminated. Reference here i? 
made to the statement in the above paper that E. Desor had 
applied the term "La'wrencian" to certain drift depoBits of the 
St. Lawrence valley, and to which same deposits Prof. Hitch- 
cock in 1861 gave the name of Champlain. A history of 
Desor's use of the term Laurentian and its later application 
by Logan, as well as the erroneous references which have been 
made to it, are herewith given. 

"Sume fin« illuBtrfttions of these intiaed canona are given in 
"MBTcy's eiploration ot Bed river." 

'fieportof the (American) Sub -Committee on the Quaternary and 
Recent, by C. H. Hitchcock, Reporter. Am. Gbol. vol. ii, p. 303. 
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The first iotroduction of the term Laurentian into geologic 
nomeaclature seems to have been about the begiDning of the 
year 1851, when Edward Desor, who had been employed on 
the Burvey of lake Superior by Foster and Whitney, applied it 
to depoaite of marine drift which were observed at varioQB 
points in the St. Lawrence valley. We find that at a 
meeting of the Boston Society of Natural History on February 
19. 1851, and again on March 5, 1851, Desor epoke of the 
Laurentian and applied this tenn to drift of marine origin 
about Montreal.* 

Later in the year, September 28, 1851, he addressed a letter 
to a friend, Monsieur £. Cotlomb in which he again applied 
the term in the same sense. This letter was printed in the 
Bulletin of the Geological Society of France,' and the essen- 
tial parts, or those referring to this term, are as follows : 

After mentioning the action of glaciers in transporting 
erratic blocks, he says : "Here a new phase opens up in the 
history of the quaternary deposits; I mean tjie distinction 
between the marine drift and the fresh water drift. This is a 
point that I have mentioned in one of my last letters to our 
friend Martins, and who has since confirmed it. I have pro- 
posed to designate the marine drift under the name of Lau- 
rentian, a name which is adopted by the greater part of Amer- 
ican geologists, and which you will find among the geological 
divisions used by schools. 

This terrane extends all along the St. Lawrence and its 
tributaries as far as the foot of lake Ontario; but it would 
appear that no part has a greater elevation than five hundred 
feet. Beyond, along the shores of lakes Erie, Huron and 
Superior extends a vast deposit in which no one as yet has 
discovered any fossils whatever, and which I have, for this 
reason, described (on lake Superior) under the name of drift 
simply. 

"During the preparation of my report, fossils were found at 
various points along lake Erie, on the borders of the upper 
Mississippi, at 160 feet above the level of the water, and on 
the shores of the Ohio and its tributaries. And, strange to 
say, these fossils are all, without exception, fresh water shells, 
and the remains of plants similar to those that grow on the 



' Boston Soc. of Nat. Hist. Proc. 
» 2nd Series, vol. ik, pp. 94-!>6. 



IV, pp. 211, 3;i, 185!). 
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ehores of these same lakes in our own day. M. Lesquereax 
has recognized a quantity of leaves of pinea. and many marsh 
plants. Imagine then a fresh-water deposit, extending from 
the Bources of the Mississippi as far as the mouth of the Ohio, 
and from lake Superior to the falls of Niagara. Certainly we 
have nothing resembling this in the old continent, unless it 
b« in some comer of Scotland where we are assured that 
certain deposits of lower till with the marine till are of lacus- 
trine origin. The immense extent of this fresh water basin 
has not a parallel in geological history, not even in that of 
coal, especially when I consider that these same deposits 
extend without interruption to a level of 1200 and 1500 feet 
between lake Superior and lake Michigan ; a thingthat proves 
absolutely that at the epoch of their deposition the relative 
levels of the continent must have been different from those 
of our own day. I have proposed to designate this vast 
deposit under the 'i\&m&iii Algonquin ierrane, after the name 
of a tribe of Indians who were formerly spread over the greater 
part of this territory. To see this deposit in certain localities 
as on the southern shore of lake Erie, one would say that it 
is identical with your loess of the Rhine; but when we follow 
it over thousands of square miles, one soon abandons all idea 
of an identity of origin. I have been and I am yet uncertain 
as to the age of this Algonquin terrane. Before knowing its 
vast dimensions I was inclined to view it as contemporary with 
the Laurentian; but I have lately given up this idea, and I 
am tempted to consider it as anterior. I should be much 
obliged if you will give me your opinion on this subject." 

In a second communication presented on April 6th, 1852,* 
M. Desor refers again to the Laurentian, applying the term in 
the same way as the "Marine drift or terrane Laurentian." 
The marine drift, formerly described under the name of Ter- 
tiary terrane by American geologists includes the stratified 
deposits of clay, of sand and of gravel with marine shells. As 
the deposits of this kind are most developed in the valleys of 
the littoral Atlantic, and particularly in the valley of the St. 
Lawrence and of its affluents, I have proposed to designate it 
under the name of Laurentian terrane to distinguish it from 
deposits containing freah water fossils." He then proceeds 
to describe the fresh water deposits in detail, and this other 

•Soc. Geol. de France Bull. 2nd ser., vol- 19, pp. ^31-285. 
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but similar deposit he again deseribea under the name of the 
Algonquin terrane. 

In a paper published in the American Journal of Science, 
2nd aeries, vol. 14, pp. 49-52. 1852, Desor correlated his Laur- 
entiau with the post-Fhocene deposits of the southern states. 

In the "Neues Jahrbuch" for 1853, pp. 495-496, is a notice 
of a paper by Desor upon Drift phenomena in the north of 
Europe and America (published in Bull. Univ. 1852, Arch. 
Phys. cxxi, pp. 180-184). In this reference is again made to 
the term Laurentian as having been applied by Desor to drift 
deposits on the St. Lawrence and other places. 

The next reference we find to the use of this term for the 
drift is in the appendix to Zadock Thompson's Natural His- 
tory of Vermont, published in 1853, p. 54. (Here, however, 
the term is spelled "Lawrencian"). From this time up to 
1882, the term seems to have lost its original signification. In 
this year Prof. J. P. Lesley in an obituary notice of Desor 
says (in a foot note^) : "His term Laurentian for the recent 
deposits along the St. Lawrence and the lakes has not been 
accepted by geologists because of its subsequent application 
to the fundamental gneiss of the mountains of Cana- 
da." In the next year, 1S83, Mr. M. E. Wadsworth in a paper 
entitled "The appropriation of the name Laurentian by the 
Canadian geologists," published in the proceedings of the 
Boston Society of Nat. Hist., vol. 21, pp. 121, 122, notes the 
term as originally applied by Desor, and calls attention to its 
use by Logan and the Canadian survey for a series of non- 
foBsiliferous rocks exposed very extensively in Canada. Again 
the matter was dropped until in 1887 Sir J, W. Dawson in an 
article upon "Some points in which American geological 
science is indebted to Canada," published in the Trans, and 
Proc. of the Royal Soc. of Canada vol. 4, sec. 4, pp. 1-8, after 
ardsumciof the work ofLoganin Canada, takes up the subject 
after referring to Logan's work on Laurentian rocks by say- 
ing: "Before leaving this subject, I may mention an attack 
which has been made on Sir Wm. Logan by an American 
writer on the ground that the word "Laurentian" had been 
occupied by Desor. It seems that the latter had used the 
word "Lawrencian" to express the Pleistocene deposits of the 
St. Lawrence valley, but the name never gained any currency 

» Am. Pbil. Soc. Proc. vol. 20, 1882, p. 628. 
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and Logan'a use of the term "Laurentian" for the old crystal" 
line series was only a little later, Logan having applied the 
name in 1854, while Desor's use of the similar name "Lawren- 
tian" had occurred in 1851. Logan and Hunt, who cooper- 
ated in the matter, hased the name not on St. Lawrence river, 
hut on the old name "Laurentidea" applied by Garneau to the 
mountain range composed of these rocks. la point of fact 
the name "Laurentian" was based on the mountains composed 
of these rocks and the name "Lawrencian" on the river itself, 
and the latter fell to the ground as useless and inappro- 
priate." 

It is obvious that Dr, Dawson is incorrect in the statement 
as to the spelling of Laurentian by Desor. But it is not the 
purpose to discuss now the reasons given for the abandonment 
of the term. It is sufficient to say that if "priority of defini- 
tion" and "accuracy of the original ohservetiotis" " is to be a 
Qardinat principle of geologic nomenclature, then justice 
demands the use of Desor's term Laurentian for a quaternary 
terrane and the substitution of some other term for the 
Laurentian rocks of Logan. 

Since writing the foregoing I have found another article by 
Desor upon the same subject. It is a letter dated Feb. 12, 
1851, from Boston and addressed to M. Ch. Martins, published 
in the Bulletin of the Geological Society of France, 2nd series, 
vol. S, pp. 420-423. The substanne of this letter as far as it 
relates to the Laurentian, together with a copy of the figure 
given by Desor, is presented here. 

The title of the letter is "Note on the existence of marine 
shells of the present time in the basin of lake Ontario (Can- 
ada) at an altitude of 310 feet." After referring to the occur- 
rence of Tellina grcenlandica in a stratum above lake Cham- 
plain and to the difference between the drift of the Erie and of 
the St. Lawrence basins he proceeds. "The cut given below 
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represents approzimatelj' the position of the two terraaes, and 
coneequently the relative levels of the fresh and of the salt 
water. For a long time American geologists recognized that 
the deposits of marine shells are more recent than the drift of 
the upper lakes, and many of them for this reason have desig- 
nated them under the name of the second drift. On the other 
hand it is evident that these deposits differ in many respects 
from the modern alluvium ; and as they belong to a period 
when the distribution of land and water was very different 
from that in our time, I propose to designate them in the 
future under a particular name; and considering that they 
are especially developed in the basin of the St. Lawrence, we 
have adopted the name of Laurentian or Laureniian terrane. 
I shall consider myself fortunate if this name, which has been 
approved by the greater number of geologists of this country, 
obtains the sanction of the Geological Society of France. In 
one of my preceding communications I added some remarks 
upon the parallelism of this terrane with the Quaternary 
deposits of Europe. 

"Since then I am advised that the deposits of Norway, in 
which one finds these shells are as much as 1,000 feet high, 
according to Keilhau ; also that those of Sweden, with their 
Azar, are the analogues of our American Laurentian. There 
remain doubts to my mind with regard to the till of Scotland, 
because of its unstratified structure, and because no one has 
described any fossils from this epoch. But having learned 
from the papers of Mr. Smith of Jordan Hill, that it contains 
shells of recent species,' and that the same species are found 
in the deposits of clay under the till, I no longer doubt that 
this is the same horizon, the coarse till with its flints and 
striated pebbles embedded in the mud being according to ail 
appearance the same deposits as those near Brooklyn near 
New York, that of a local form of the Laurentian. The depos- 
its of the north of Germany that are distinctly stratified and 
contain the shells, must for a very strong reason be entered in 
the category of the Laurentian deposits. It remains now to 

' "The BliellB of the til! or Boulder clay are arctic spei-ies which for the 
moit part are nol living at pref ent in the seas of Scotland ; they are 
in general placed above the boulder clay in the liede of laminated clay 
The modern shells actiiallj living in the neighboring eeae one finds 
npon the terrai^es and in the banks of sand above the clay that con- 
tains the art'tic Bpecies." 
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be settled if there existed in some part of Europe an anal- 
ogous deposit to our drift properly so called, or ancient drift, 
such as is found on the shores of lake Superior and in the 
plains of the West, and in which no one has as yet found any 
trace of fossils." 

i likewise find that professor J. D, Whitney in 1867' referred 
to the use of Laurentian by Logan and stated that this term 
had been adopted by "Mr. Desor and the geologiete of the lake 
Superior survey for the post-tertiary deposits, containing 
marine fossils, which are found in the valley of the St. Law- 
rence and elsewhere, and which has been called "Second 
drift" by some geologists. The uee of the same term to des- 
ignate a group or system at the other extremity of the geo- 
logical scale seems likely to lend to confusion, and we hope 
that it will be dropped for the lower system, and retained for 
the deposits to which it was at first applied." 

It appears that Whitney and Wadsworth" regarded the 
Laurentian of Logan as a synonym for the Azoic of Foster 
and Whitney proposed in 1850, or four years previous to the 
publication of Logan's name. 

The paper of professor Whitney above alluded to was 
noticed by E. J. Chapman, the editor of the Canadian Jour- 
nal,'" in the following words: "'With regard to the term 
Laurentian as applied to some of these Canadian rocks, 
we would observe, that even if the term were previously 
applied to patches of post-Tertiary strata alluded to above, its 
peculiar fitness for the gneissoid rocks of the Laurentian 
range and connected country would fully warrant its reten- 
tion." 

Washington, D. C, Dec. 6, 1889. 

CASTS OF 8C0LITHU8 FLATTENED BY PRESSURE. 

By ATREtiB WiNNEK, York, Penn. 
[Remd at Ihe Toronto meeting' A, A. A. 6. 1SK9,] 

The Hellam Quartzite, in York county. Pa., is filled with 
Scolithus linearis. Chickis rock, of Lancaster county. Pa., in 
which Prof, Haldeman first found the fossil, is an extension 

' Am. Jour. Sci., 2nil aer. vol. 23, p. 314 ; "Remarks on the Huronian 
and Laurentian systems of the Canada Geological Survey. ' ' 

* "The Azoic system and its proposed subdi visions;" Mas. Comp. 
Zoology of Cambridge, Bull., vol. 7, p. 340, 1SS4. 

'•2nd series, vol. 2, p. 302, 1857. 
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of the same formation. In different places good exposures of 
the quartzite, in eitu, afford excellent opportunities for the 
study of the included Scolithus. 

The writer has been 
foraeveral years care- 
fully examining such 
exposures in the hope 
of discovering the 
exact nature of the 
fossil. Though fail- 
ing in the main ob- 
ject, he has noticed 
that all casts, in every 
exposure thus far ex- 
amined. arc flattened. 
Fig. 1 represents 
two average spec- 
imens, with sections 
of the same showing 
the extent to which 
both are compressed. 
Fig. 2 is a section 
of the most circular 
of a hundred casta 
picked up at random ; Fig. 3, a section of the most flattened 
of the same lot. 
Fig. 4. represents a cast to which part of the enclosing 
. quartzite adheres, in the form of thin wings — a very common 
occurrence in those specimens most compressed. 

The significant feature in connec- 
nection with these flattened cylin- 
ders is the fact that they are all 
elongated, in silu, in the same direc- 
tion; and further, that the longer 
axes of their sections are parallel to 
each other and parallel to the direc- 
tion of the strike of the quartzite. 

In Fig, 5 we have represented a — ^ 
typical exposure of the quartzite. V-* 
The dip of the strata is S. 30°, K. 35°. Fig- '■ Fig. » 

The area represented is a very conchoidiil and irrejfular 
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surface of fracture, at right angles to the plane of bedding, 
that being the direction in which the rock easiest breaks. 



This whole surface is lined with ScolithuB, extending at right 
angles to the plane of bedding, and displaying the invariable 
parallelism of the casts. In this exposure the average dis- 
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tance apart of the foasils is only thxee-fourths of an inch. 

All of the cylindrical caBts in this exposure are Battened as 
stated ; nor have I found in the thousands of fossils exam- 
ined in the matrix, in difierent exposures, a single exception. 

From these facts we must conclude that the cylindrical 
casts of Scolithus, in the original horizontal sand beds, were 
flattened by enormous pressure, exerted in a direction at right 
angles to the trend of the strata, prior to the uplifting of the 
formation. No other supposition is tenable, no matter what 
we infer the original shape of Scolithus cavities and casts to 
have been, whilst this partially explains the present density of 
the quartzite and at the same time fully accounts for the 
observed fact that the elongation is uniformly in the direction 
of the strike of the upturned strata. 

Of course other conclusive proof of the direction and extent 
of such pressure has long been given, but I do not think that 
any one, prior to this, has called attention to the striking 
testimony of Scolithus. At any rate, if any one else 
observed it, I have failed to find any account of such discovery. 

It may be well to state, in conclusion, that the writer's ob- 
servations have not extended any further than to the quartzite 
of York county, Pa. 



EXTINCT VOLCANOES IN COLORADO. 
By AmHDB LAKBa. Golden, Col. 
Although we have abundant signs of volcanic activity in 
past ages in Colorado on a grand scale, the general absence of 
true volcanic craters has been frequently noticed by those famil- 
iar with the geology of the state. Moat of our igneous rocks 
belong to the class that have been erupted through fissures, 
from which in some cases lava has poured over the surface, 
the vents being filled by dykes. If craters ever existed on the 
surface line of these fissures, all traces of them have for the 
most part long ago been removed by erosion. The dyke at 
Valmont and the basaltic cap of the Table mountains at 
Golden and of the Raton mesas at Trinidad are examples. 
These surface eruptions are mostly confined to the more re- 
cent forms of lava, such as basalt and dolerlte. Another and 
larger class embracing the older eruptions of porphyry and 
diorite, appear to have come up through fissures, but never to 
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have reached the surface. These have sent off from the main 
dykes, intrusive sheets between lines of weakness in the strat- 
ification. Of this type are the pophyries of the LeadviUe and 
South Park region. A third class closely related to the last, 
have not only sent out intrusive sheets, but have arched up the 
overlying strata into oven-shaped cavities, which they havefilled 
with massive lava, forming '•laccolites" sometimes several 
thousand feet in thickness. When afterwards the arched 
strata overlying these laccolites have been removed by erosion, 
these great lava reservoirs have been exposed, and now form 
noted mountain peaks such as the Spanish Peaks near Trini- 
dad and Sopris, Gothic and Crested Butte mountains of the 
Elk range. In all these cases no evidence remains of the 
former existence of true volcanic craters. 

Amongst the summits of our mountains, we often notice 
deep punch-bowls or "cirques" simulating the form of volcanic 
craters. These are the work of erosion by water or glaciers, 
and are not of igneous origin. 

In New Mexico, amongst the basaltic table-lands, some true 
volcanic craters occur. 

Near Albuquerque in New Mexico and along the line of the 
Santa Pe railroad in Arizona, the traveler may observe flows 
of black, slaggy lava, in ropy coils, of exceedingly recent ap- 
pearance, with little or no vegetation growing over them. 
These flows occupy the modern valleys and dry river courses. 
They are evidently of comparatively recent origin, and might* 
possibly be traced to extinct craters further back in the moun- 
tains. In the Costilla range on San Luis park some small 
craters are said to exist. About four miles to the west of the 
little town of Antonito, on the hne of the Rio Grande railway 
in San Luis park, just on the edge of the Conejos mountains 
(a range composed of enormous masses of volcanic breccia 
and lava flows resting upon granite) a small conical shaped 
mountain may he seen resting on a plateau. The Conejos 
river cuts through this plateau, and shows its structure to 
consist of successive flows of black, basaltic lava. The pecu- 
liar shape of the mountain, a low cone, with a very broad base 
(the angle of convergence towards the cone bein^' about five or 
mure degrees) suggests a central vent, from which lava flows 
have poured down for some miles over the surrounding flat 
country. The banks of the railway track are covered with 
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large boulders, of a black vesicular basalt or scoria. The cavi- 
ties or vesicles in this scoria, are sometimes several inches in 
diameter, and are frequently lined with white zeolitic crystals. 
The railway depot at Antonito is built of this black scoria. 
The ranchmen of the park told me there was a crater -like de- 
pression in the mountain. The cone is in full view from the 
railroad station at Antonito. 

The Dotaero Volcano- 
Whilst spending a few days at Glenwood Springs, Garfield 
county, I heard accounts of a crater and very recent-looking 
flow of lava being near Dotsero station, not far from the junc- 
tion of the Grand and Eagle rivers, about sixteen miles east 
of Glenwood on the Denver and Rio Grande railroad. 

I started by a freight train for the locality. Our course for 
some twelve or fourteen miles lay through a canon in the Cot- 
ton-wood range. This range is formed of Cambrian, Silurian 
and Carboniferous strata, folded up in a faulted arch over a 
granite axis. 

At Glenwood are the noted Hot Springs, which issue proba- 
bly from deep-seated fissures, formed at a point near the com- 
mencement of the range and the entrance of the cailon, where 
the Triassic and upper Carboniferous strata are bent into a 
sharp synclinal fold. At this point of extreme compressioni 
fissures were probably formed, which descended to suiEcient 
depths to give rise to the heated and chemical waters of these 
.wonderful springs. Hot springs also occur in much the same 
relation on the opposite side of the range. 

As we emerge from the Cotton-wood canon to the east, the 
country becomes more open. Upon the Paleozoic rocks, tests 
the Mesozoic series. The hills on either side of the Eagle, con- 
sist of the soft gypsiferous beds of the upper Carboniferous 
and above them in due order the red and variegated strata of 
the Triassic and Jurassic series. 

The valley of the Eagle between the hills is from one to two 
miles in width. About a mile from Dotsero station the river 
hugs the south edge of the steep face of the hills. Just at 
this point a very black looking rock covers the meadow of the 
valley.spreading out like a large pancake, oyer an area of about 
a square mile. The edge of the cake ends abrubtly at tha 
river aide near the base of the cliff forming the south bank of 
the stream, the river separating it from the cliff beyond. As 
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there was no bridge, I waded the stream and ascended the 
opposite bank. The bank proved to be a rugged cake of lava 
from fifty to one hundred feet thick. The central portion was 
of hard, massive, dark grey basalt showing a fluidal structure 
and a few small steam holes. Above this were magsea of 
scoria piled up or tumbled along in chaotic confusion like the 
clinkers of a slag furnace. Underneath also, the lava was 
'scoriaceous. It resembled pictures of the recent lava fields of 
Mauna Loa, or Vesuvius. The blocks of scoria were highly 
veeicular like honey-combs. The edges of the little circular 
steam holes were as fresh and sharp as if the flow had occurred 
but a week ago, and were not filled by zeolites and amygda- 
loids as is the case generally we believe with basaltic flows of 
ah older date. The surface of a greater part of the flow is 
destitute of vegetation, a black rugged mass of slag and clink- 
ers. Towards the opposite side of the valley, decomposition 
of the lava allowed a sparse covering of grass and sage-brush. 

I had no difficulty in tracing the flow across the valley to 
the entrance of a narrow ravine in the hills. Great rugged 
masses of scoria were adhering to the sides of the ravine, as if 
a furnace had poured molten iron down it. Erosion had re- 
moved the lower portion of the lava, and bitten into the sand- 
stone forming the bottom of the ravine. Following up the 
ravine for about a mile into the hills, the lava stream became 
more continuous, and appeared eventually to issue in a huge 
semicircular, bulging mass, from the top of a hill of very steep, 
smooth outlines. This hill, with all the surrounding hilltopB 
at this level, for a circular area of about a mile in diameter, is 
composed of, or covered with grey "lapilli," little pebbles of 
scoria mixed with fragments of shale and red sandstone, from 
the size of a pea to that of a hen's egg, shot up by the explo- 
sive steam from the throat of the volcanic vent. These beds 
of "lapilli" appear to be of considerable thickness. At the top 
of the hill they seem to have been consolidated into a coarse 
stratified breccia, tipped up at an angle of 5 or 10 degrees on 
either side of the great mass of lava, as if the lava had broken 
through this portion of the crater and tilted up the brecciated 
sandstone in its exit. 

Climbing over the lava mass, I stood on the top of the hill, 
and look down into a perfect oval-shaped crater, the bottom of 
which lay upward of 600 feet below me. The walls of the cra- 
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ter are of red Triaoeic eandetone, averaging 400 to 600 feet in 
the ateeper part, whilBt from the top of the lapilli-coTered hills 
sloping gradually down into the steep throat of the crater, the 
hight wae over a thousand feet. The crater may thus be said 
to be about one thousand feet deep. The bottom of the crat- 
er is oval and comparatively fiat, dipping, however some five 
or more degrees to the south, that is, toward the aide where the 
lava seems to have broken through and poured out. The diam- 
eter of the bottom is between 200 and SOOyards, the surface is 
covered with debris and sage-brush, doubtless overlying a sol- 
id plug of congealed lava. The width of the crater at its steep- 
er portion, is between 500 and 800 yards. The sides ate quite 
steep, having an incliDation of from 46 to 75 degrees, and 
would be rather difficult to climb up or down. I did not make 
the attempt from lack of time. There is no natural exit or en- 
trance to the crater. It is a complete cup. The red sandstone 
strata forming the throat dipped inwards at an angle of 
from 30 to 40 degrees, and appeared to convene toward the 
centre of the crater. Time only allowed me to make some 
rapid sketches and hurriect observations, but from what I saw 
I think the following may be the history of this undoubtedly 
true crater and volcanic vent. 

At some time, probably within the human period, eruptive 
forces found a vent at this point, and explosions of steam blew 
out a crater hole in the upper Carboniferous and Triassic 
strata. That the action was explosive. Ijudge from the great 
quantities of lapilli and comminuted fragments of shale and 
sandstone covering the surrounding the hills. The steam de- 
scending as water worked up some of the lapilli into a strati- 
fied breccia around the rim of the crater. When the explo- 
sive energies, that had iilled the sky with steam and lapilli, de- 
scending in showers upon the surrounding hUls, had subsided, 
a volume of lava arose in the throat of the crater, and poured 
out over the lip on the south side, partly breaking through the 
crust of breccia, and tilting it upas it passed through it. From 
the lip of the crater it poured rapidly down the steep face 
of the hill, and thence down the narrow ravine into the open 
valley, where it spread out as a cake of lava over the meadows 
and on to the river which it may have temporarily dammed 
back. The course of the lava was finally checked by coming 
against the abrupt cliff forming the south bank of the Eagle, 
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or the water of the Btream may have checked the progress of 
the lava by congealing it. The character of the lava sheet, 
ficoriaceouB and vesicular above and below, massive and com- 
pact in the middle, eorreaponds to what is observed in modem 
lava flows. The surface of lava in contact with the air or 
water, gives off its imprisoned steam through multitudes of 
little steam holes. This reduces the surface of the sheet to a 
rough, spongy, vesicular mass, whilst the liquid lava flows on 
below. The same occurs with the under surface in contact 
withthe cool or damp ground. Portions also of the scoriaceous 
top surface fall off the end of the advancing sheet and are 
rolled underneath it. As the molten stream advances, the 
spongy or scoriaceous surface is broken up into clinkers which 
are rolled along on the top of the liquid stream, and become 
piled up in confused masses where there is any check or ob- 
stacle to the flow, such as the cliff and river in the present in- 
stance. 

How comparatively old, or recent, may be the date of this 
eruption, it is not easy to determine. There are tall fir-trees 
growing in the throat of the crater. I did not see any sign of 
hot springs or gas emanations in the vicinity, such as are 
common in recently extinguiehed volcanoes, nor are volcanic 
rocks particularly abundant in the immediate neighborhood. 
This occurence seems to be an isolated one. 

This interesting locality is accessible by the morning train 
of the Rio Grande railroad between Leadvilte and Glenwood. 
The lava flow is close by the track, but the crater is between 
three and four miles back to the north, in the hills. The blue 
grey color of the lapilli capping the hills can be distinctly 
seen from the train, and marks the locality of the volcano. A 
resort called Siloam Hot Springs has recently been establish- 
ed not far from this spot and would make a good stopping 
place for some geologist to more leisurely and thoroughly ex- 
amine this interesting locality. 



NOTES ON THE GEOLOGY AND SCENERY OF THE ISLANDS 

FORMING THE SOUTHERLY LINE OF THE 

SANTA BARBARA CHANNEL. 

By Db. Lobenzo Ookd[N Yates. !<nntB fiiirtiara, Cal. 

The entire group or series of islands, forming the southern 
line of the Santa Barbara channel ofT the coast of southern 
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CaliforDia, hora the San Miguel off point Conception to the 
eastern extremity of the Anacapaa, is composed of a founda- 
tion of black vesicular basalt, upon which rest the later forma- 
tions of trachyte and other varieties of volcanic rochs. 

In many places the older flow of lava has evidently been 
broken up into irregular fragments, and cemented by the sub- 
sequent flow of intrusive lava, which formed a softer rock than 
the older basaltic formation; hence where this volcanic breccia 
ia exposed to the action of the atmosphere, the intruded ce- 
ment has disintegrated more rapidly, than the included frag- 
ments of the older formation, thus freeing the enclosed frag- 
ments which form the debris at the bases of the perpendicular 
clifTs along the shores of the islands. At other points, (for exam- 
ple see sketch No. 1 on north side of the middle Anacapae) 
we see the black basalts forming the foundation of the inlet 
up to about 20 feet above the surface of the water ; the soft 
tracbyiic rock which formerly covered the basalt, has been 
eroded, leaving only a rounded elevation in the centre. A 
short distance from this islet the foundation is capped by a 
variety of irregularly stratified rocks ; First, by a gray basalt ; 
then by a lighter gray; then a dark line of much weathered 
trachyte, finally, by a light colored greenish gray stratified de- 
posit which forms the present surface of the island. 

This formation is shown in sketch No 2, where is also shown 
a wall of intrusive rock of a dark rusty color, capped by a 
warm grayish brown. This interesting exposure can be 
favorably studied from point Lookout, (A. sketch No. 1); 
which point may be reached by following a well made trail 
starting at the settlement and following an easterly direction, 
skirting the northerly line of the uplands, gradually tending 
downwards until a point is reached from which an excellent 
view of the west island may be had, aho of the natural arches 
and entrances to the caves, — and higher up in the bluffs of the 
small wind-worn caves, the varied points and irregularities of 
oatline, the wealth of coloring of rocks, plants, ocean, sky, 
and even the sea-weeds adding no unimportant item to the 
panorama. 

As seen from this elevation the colors of the clear, calm 
water of the ocean shade off from bright yellowish brown and 
brilliant green at the surface, to the depths where the darker 
hues of brown and green are blended. Even the molluscs 
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Trochisous norrissii on the k«lp, seem to cateh and intensify 
the colors of their aurroundingB- Almost directly under us 
lies the small islet shown in sketch No. 1. 

Following the trail a short distance farther we round the 
point where the north side of the eastern island comes into 
view, presenting with the eastern portion of the middle 
island an entire change of color and outline. The shore line 
is of all shades of hrown and green. The black basaltic base, 
with its overlying masses of trachytic rock of various colors, 
is weathered out into innumerable cavities and miniature 
caves. The outlying islets are viewed at an altitude of per- 
haps 200 feet above the ocean, which lies almost directly 
under our feet. The barking Bea-lions and seals impress us 
with the idea of distant voices of human beings. The scene 
has a beauty and grandeur impossible to describe or imagine, 
and well worth the trouble it costs to reach the locality. 

Retracing our steps we regain the higher ground and reach 
a point on the top of the greenish gray sedimentary deposit 
shown in sketch No. 2 at A. From this point we see the entire 
length of the eastern island, and the sinuosities of its south- 
ern side ; the whole length of the southern exposure shows 
perpendicular cliffs from the shore to the top of the 
island some three or four hundred feet high, with the 
eastern end of middle island and the gray deposit before 
mentioned in the foreground, and over which at a low point 
marked "B" in sketch No. 2, we see the shore line of the east- 
ern island, the peculiar form of which resembles the rim of an 
immense crater, a greater portion of whose circumference has 
been destroyed by the ocean which is continually battering at 
both sides of the remainder, which must, at a time not far 
distant, succumb to the forces of nature which are rapidly 
disintegrating the remains of what once formed a large extent 
of country. 

The Caves. 

Many of the caves on these islands are interesting, one of 
them which we called Freshwater or Indian cave, shows 
evidence of having been inhabited by the aborigines for a 
long period. At the mouth of this cave is a spring of good 
water seeping from the rocks into basin-shaped cavities which 
are evidently artificial. One of these fills up at the rate of 
70 gallons every 24 hours. Among the refuse matter deposited 
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in this cave by the IndiaDs we found but little except some 
fragments of ropes made of sea-grass. Some of these ropes 
were braided with three strand8,the others twisted like ordinary 
rope used at the present day. We found also bones of a 
variety of animals which had been used as food. 

The largest cave on the Anacapas into which we rowed our 
boat consists of a chamber of about 400 feet in width, run- 
ning back about 150 feet from the arched entrance, with a 
dome-shaped roof perhaps 100 feet high, rising from the cir- 
cumference in a regular curve to the center. The floor of this 
cave is covered by water, and edged by a pebbly beach which 
extends around the interior, upon which we landed. Another 
which we called the Dark cave, is in the shape of a long gallery 
just about large enough to admit a small row-boat, but ex- 
tends for some distance. It is divided into three distinct 
chambers, the openings between being so small that we 
had to bend over in order to pass through. The interior 
was so dark that, although we had two candles burning we 
could only tell where the walls were by alternately bumping 
our beads and elbows against them. 

In passing along the bluffs in which the caves are situated, 
they present a panorama of unique and beautiful scenery, 
where the richness of color and peculiarity of outline are 
unequaled at any other point, the water for a great portion of 
the. distance being perfectly calm, and so transparent that the 
flora and fauna of its depths may be as easily studied as upon 
the surface; bright orange-colored fishes darting in and out 
among the dark green sea-weeds, the shells, corallines and 
other inhabitants of the deep can there be studied in their 
native element. 

The passing of every point opens up a new view in kaleido- 
scopic succession of picturesque beauty; steep weather-worn 
faces of perpendicular bluffs ; deep fissures and wierd, myste- 
rious caverns, from the tide-worn recesses of which issue the 
loud and continuous barking of seals ; the undulating lines 
of flying flacks of brown pelicans ; the ever changing colors of 
sea and shore, keep one continually on the lookout, that no 
portion of the interesting panorama be missed. 

The interest increases until it culminates on reaching the 
Grand Arch at the eastern extremity of the group (see sketch 
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No. 3), where from a distance we may study the manner in 
which the islands have been encroached upon by the ocean. 

The line of the surface of the eaetern extremity of the group, 
and the tops of the outlying rocks, evidently formed portions 
of the same original slope, through which the sea made open- ■ 
ings or passages which in time caved in from the top and 
formed distinct islands and outlying rocks still projecting 
above the surface of the water. 

In this manner the islands have been broken through at 
the weakest points, thus dividing the Anacapas into three 
distinct islands ; and the channels between the principal 
islands of the chain have doubtless been formed in the same 
manner. 

The middle and eastern Anacapas are composed entirely of 
volcanic rocks with the exception of a Buperiicial deposit of 
water-worn pebbles and fragments of quartzose and metamor- 
phic rocks extending diagonally across the top of the middle 
island near its southeasterly corner, and from which the 
aborigines selected material for the manufacture of their 
weapons. Many of these fragments show evidence of having 
been broken and flaked off hy the hand of man. 

At a point on the south side of the island there is a deposit 
of limestone a few feet below the surface. Another deposit of 
drift occurs at the easterly end of the west island; a vein of 
milky chalcedonic quartz of about 10 inches in thickness is 
seen some 15 or 20 feet, below the drift near the arched passage 
or "Natural Bridge" near the east end of the west island. 

Westerly from the latter point this stratified uplifted rock 
rises abruptly until it attains a hight of almost 1,000 feet, 
with a dip of 45 degrees toward the north. This portion of 
the island was not explored to any extent, except as we rowed 
or sailed along the channel side where the bluffs rise perpen- 
dicularly from the water. At the beach near the "Natural 
Bridge" the prevailing rock is an amygdaloid and vesicular 
basalt containing spherules of zeolites. 

The basaltic base of the middle island is composed largely 
of black vesicular basalt, containing spheroid and amygdaloid 
pebbles of chalcedony, which weather out and roll down the 
banksin the form of marbles. Some of these are solid, others 
are hollow and lined with drusy quartz. 
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Santa Cruz. 

I had intended to make an examination of the iaiand of 
Santa Cruz, bat was refused permission to land for that pur- 
pose, by the Santa Cruz island company, so that I can only 
give notes on some widely separated localities; but as Prof. 
Qoodyear of the state survey spent some time on that island 
last spring, we shall learn something of its geology from the 
published reports of the survey. 

At Smugglers' harbor, near the southeasterly extremity of 
the island we found an interesting exposure, where the basalt, 
Tolcanic breccia and vrhite bituminous shale may be seen in 
juxta position, the shale twisted and contorted by uplift of the 
underlying rock ; the breccia composed of irregular fragments 
of vericular basalt cemented by trachytic csment. 

Twenty-five miles from Smugglers' harbor, at the northwest- 
erly extremity of Santa Cruz, Forney's cove aflTords a safe and 
convenient harbor, protected by a narrow neck of basaltic rock 
extending southerly from the main island. 

From Forney's cove we follow the coast of the island, com- 
posed of perpendicular basaltic rocks similar to those of the 
Anacapas, to Lady harbor ; just before reaching which we visit 
a beautiful cave with three openings, one towards the west, 
one towards the south into which the water of the ocean ex- 
tends some distance affording a good landing on its pebbly 
beach ; the other opening towards the east at the mouth of a 
wooded cafion which from this point rises rapidly towards the 
high mountains which are here but a short distance from the 
north shore. The westerly opening of this cave is exquisitely 
beautiful, the large arch and roof showing the minute details 
of the conglomerates, the irregular ! fragments of which lie 
scattered about, and project from the cementing material from 
which they are continually weathering out, leaving a ragged 
surface among the projecting points of which Polypodiums, 
Penstamons, and other interesting plants flourish in the 
greatest luxuriance. I have never seen such a magniii- 
oont growth of Polypodiums elsewhere as I saw fringing the 
mouth of this beautiful cave. 

Santa Rosa. • 
The longer axis of Santa Rosa island, as also of the other 
Channel islands is parellel with the coast and the Santa Ynez 
range of mountains. 
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Its general outline is in the form of a paraI1elogram,itB great- 
est length about 18 miles, and greatest width about 12 milee, 
with a shore line of nearly 45 miles. 

On the northeastern side of the island and midway between 
the north and west points a reef extends out to a distance of 
one and a quarter miles. 

The channels between this island and Santa Cruz on the 
east, and San Miguel on the west are respectively six miles 
and four miles in width. 

The outline of the island is bold and no harbors exist 
around its shore, but there are several good landing places, 
and a wharf has been built about the centre of Five-mile 
bight, where vessels can load and unload in safety. 

This island had been described as composed of sandstone, 
but the first thing noticeable on landing at the west end of thfl 
island was the volcanic character of the rocks. 

At the wharf we found a good exposure of strata forming 
cliffs about 30 feet in bight, the lower portion, for 15 feet above 
the sand of the beach, composed of stratified sandstone, fine 
grained and destitute of fossils, with an occasional stratum of 
breccia or conglomerate. These strata have a dip of about 12 
degrees Boutheast, The upper portion of the cliffs consists of 
a horizontal deposit of fragments of rhyolite. trachyte, vesicu- 
\6j basalt, and white bituminuos shale. The fragments grad- 
ually decrease in size from the bottom where they are cement- 
ed together by volcanic sand ; this is covered by deep and ap- 
parently good soil. 

In some places the rock fragments of the upper half of the 
cliffs have been water-worn and form conglomerate. 

This character of rock extends from the wharf southeasterly 
to near the sand point at the southeastern extremity of the 
island, where it culminates in a hill of volcanic rock 176 feet 
high, which is exposed for some distance in a southeasterly 
direction from the beach on the north side of the point. 

The rocks have a marked tendency to weather into fantas- 
tic forms, the angular rocks becoming rounded by disintegra- 
tion, with irregular cavities and caves worn by the winds 
which have been used as dwellings by the aborigines as is indi- 
cated by fragments of shells and other debris in large quan- 
tities. 

At the northeastern extremity of the island is found a coarse 
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volcanic breccia, composed of porphyritic and trappean rockB, 
having a distinct stratification with a dip of 30° southeast. 

Several spurs extend out some distance from the shore line 
and others have been worn away by the surf until they form 
small rocky islets, while the porphyritic rocks, which have 
weathered out of the breccia, lie as smooth bowlders at the 
base of the cliffs. 

From this point the hills rise sharply to a bight of from 250 
to 300 feet, and run southeasterly to the main backbone of the 
island which lies on the line of its longest axis. 

The highest points on this range were visited, and the alti- 
tude was found to approximate 1,400 feet. 

Several high peaks are grouped together about five miles 
south from the wharf, being on the northern side of the line 
of the long axis of the island. 

Three of these high peaks lying within a mile circuit were 
measured, the first, Black mountain, indicated a hight of 1,325 
feet ; crossing from this peak over a depression of 350 feet be- 
low the first summit we find rhyolite and white bituminous 
shale. The next peak south, (Saddle mountain) is about 100 
feet higher than Black mountain. 

Between this point and the hills on the southeastern side of 
the Canada de la Cruz (Cation of the Cross), we found lime- 
stone in the bed of the creek, together with fossil oysters (Os- 
trea titans) and other Miocene foasila. Southeasterly from 
Saddle mountain, and lying between Canada de la Ciuz and 
the ocean there is an intrusion of syenite, the extent of which 
has not been ascertained, nor did I discover the line of junc- 
tion between the Miocene and Pliocene. 

On the north side of the island, about ''ten miles from the 
wharf, near the mouth of Saledad CaQon, we found an excel- 
lent exposure of strata, consisting of about 90 feet of Post 
Pliocene deposit, containing fossil bones of vertebrates, and at 
one place, fossil Phyeas, (P. d'orbigniana), at a depth of some 
75 feet below the surface. 

This deposit is horizontal and overlies strata of older rocks, 
probably Pliocene, which dip 13° N. E. and contain Pecten, 
Turbinella ciestrum, and Hinnites gigeantea in abundance, 
and in an excellent state of preservation. 

From this point to the southwestern extremity and around 
the west end of the island to the point where the main range of 
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mountains meets the ocean, the shifting sandshave covered the 
rocks. There is no indication of drift on Santa Rosa island, hence 
we cannot account for the presence of the fossil tlephant on the 
theory of its having been brought by floating ice, as advanced 
by some writers. It will be observed that the Anacapas San- 
ta Cruz; Santa Rosa and San Miguel islands are on a line 
with point Dumas on the east and are parallel with tlie Santa 
Ynez mountains as before stated; at this point the islands 
were doubtless once connected with the main Iand,and what is 
now the Santa Barbara channel was then a gulf or arm of the 
sea, beginning atpoint Conception and running in a southeast- 
erly direction for, say 150 miles. 

When these islands were thus connected with the mainland, 
it was easy for them to become inhabited by the larger verte- 
brates. 

It is also probable that this chain of islands is a portion of 
the same outflow of lava which formed the volcanic ridges and 
peaks on the mainland east of them. 



REVIEW OF RECENT GEOLOGICAL LITERATURE 

North Aineriean Qeology and Paieontology. 8. A. Milleb, Cincinnati. 
The author, pp. 664. This work was announced in this jonrnal, vol. 
iv,p. 255. Its Sgures, illUBtrative of foaail Hpecies, number 1194. The; 
are distributed alphabetically throngh the paleontological portion of 
the book. In brief the work is a dictionary of North American pale- 
ozoic paleontology, giving the names of all genera and species, their 
formations, aathors, dates and where published, with illnstrationa 
when necessarf or when available. It is a work which no paleontol- 
ogist can well be without, and displays a vast amount of patient and 
careful labor. It is introduced by a brief (iiscnasion and definition 
of the laws of geology and geologic nomenclature, specially describing 
the BjBtems and groups to which the author makea assignment of 
paleozoic foasils, and it is finished by a glossary oi specific names in 
use in North American paleontology, giving their signification, and by 
an index of genera. 

Some peculiarities appear in^he opening geological chapters. 1. The 
author has positive opinions and is fearless in the statement of them. 
2. The term Cambrian is not employed, but the term Silurian is made 
to cover the interval where Cambrian was placed by Sedgwick. 3. The 
term Taconic is made to embrace the moat of the primordial zone, 
omitting only the Dikelocepbalns horizon. 4. The Quebec groap he 
considers "very doubtful. " He makes the Oriskany the base of the 
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Devonian, atad a, coarsely fra^^menta] sandstone or conglomerate the 
baseof eachof larger suh-divieiona, after the plan of Dr. J. 8. New- 
berry. 5. He does not classify the Comandio series as tlie base of the 
Cretaceous nor mention it at all. 6. He scouts the idea of a p;lacial 
epoch, saying "Indeed there is no evidence a glacial sheet ever 
existed on any part of the continent ; none tliat givcH any warrant to 
the hypothesis of a glacial period. • • • • The BcratcheB and 
furrows are readily accounted for without the hypolhcsiH of a glacial 
period. * • • The glacial epoch is a theoretical blunder, not sup- 
ported by scientific facts or inlelligent reasoning, and contrary to all 
geographical, geological and pal eon to logical iniurnialion. There is 
no such geological period, and no gap into which it can possibly be 
injecled." 

A dictionary of the fofyitu of Ptnnii!il''ani(i. Coni]iile(l by J. P. Lt.m.k'i, 
state geologist. Harrisburg, 18S'J. Report P*. A to M. 

Prof. Lesley lias been able, after an almost unlimited amount ot 
work, to present to the public a really good dii'lionary of fossils, which 
will l>e highly Appreciated, not only by llie "iiuarryuien, pros]>ector8, 
etc.," but by the scientilic reader. 

The foaaila are arranged alphabetically, wliich, although useful to 
the more scienliflc reader, is no( readily available for ihe pcneral 
public; while Prof. Lesley's nietiiod is undimbtedly tlie best one, 
still for the benelit of tlie general public it seettis to me that it would 
have been better to have added a list of counties, then the localities in 
each county, giving only the name of the fossils there found with the 
proper page reference to the more descriptive alphabetical list, there- 
by making the book more readable to this latter clasH. The book ia 
profusely, though not at all times irdl illustrated, some ot the cuts 
being rather coarse. 

Not only has Prof. Le.iley given the Pennsylvania foSKils, but those 
also from the same horizons in the neighboring states, thereby making 
the book all the more valuable. 

In his letter of transmittal to the governor. Prof. Lesley attacks 
(riildly to be sure) tlie theory of the evolution of forms by saying — 
"that they (the readers) can not find a single proof, however slight, 
for the actual hereditary descent of living creatures of our age from 
those ot preceding ages" — this, however, applied to thiw portion of the 
work ia/airly satisfactory from the fact that the book deals mainly 
with the invertebrates and the evolutionifta strongest proofs are as yet 
in the vertebrata. Nor do the evolutionists claim an unbroken aiic- 
cession of life. 

With the exception of the few bad wood-cuts, the work is up to the 
standard of the former publications of the Geological Survey and it is 
to be hoped that Prot, Lesley will be able to complete the second 
part without being delayed (as he was with the first part) by the print- 
ng of valueless legislative documents. 

Report on th€ landed property of the Buena Viita company. By W. H. 
RurPHBB. Svo, one map, pp. 104. 
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"Bnena Vieta Ib in the great valley which extendB^from Canada to 
Alabama, and which is noted for its limestone lands, iron beda, clear 
Btreams, healthful climate, pictureaqne acener;, the number of ita 
towns and its BubBtantial popniation. The valley is known in Penn- 
sylvania aa the Lehigh, Cumberland, etc., where it abounds in natural 
reBources and acquired wealth. In northern Virginia it is the Shenan- 
doah valley. In the middle it originates the James and the Roanoke 
rirers. Soathwardfit is known aa southwest Virginia, where now is in 
progress a remarkable scene of industrial development." 

While this is essentially an economic report, ite descriptions, based 
on a comprehensive knowledge of the geology of the region, give an 
accurate and valuable account of its iron ore beds, clays, ochres and 
sands, and of its limestones, cements, water power and general agri- 
cultnral capabilities. For its scope it ia a model popular geological 

Development of »omc Silurian Brachiopoda. Chab. E. Beecher akd 
JohhH. Clabk, Albany. Mem. N. Y. Sio« ifuwum, vol. i, No. l,4to, 
Splatea, pp. 95, 

Thie is a valuable addition to the science of the brachiopoda. It indi- 
cates the developmental changes in the life- histories of twenty-five 
species, some of them with great fulness, and makes known the 
dangers that surround the paleontologist who publishes new names for 
small variations in form. The plates; are very instructive, and ought 
to be imitated in the treatment of other genera. 

The authors have made use of the *very abundant material afforded 
by collections from Wuldron, Indiana, to trace the individual develop- 
ment of all the speciea of brachiopods known from the Niagara ebales 
in that interesting locality. 

To give some conception of the amount of material at their command 
It is stated that the collections when received weighed about seven 
tons. After specifically separating the mature specimena and all that 
were approximately mature, some fifty thousand immature individuals 
for the most part k'BH than five millimetera in length, were gathered 
from the washinga of the slabs. The result is that for a large propor- 
tion of the brachiopod apeciea the authors are able to show a series of 
individuals beginning with forms in some instances lees tlian a milli- 
meter in length and including every stage of growth up to the aged 
adnlt with its greatly thickened margin and crowded lines of growth. 
Some of the rarer apedes havo afibrded no young specimens, while 
among the really common forms, A Ai/ncAoiieIfaifricit[an(iia and Tr/ii(/FfIdi<i 
[Meristina) maria are particularly remarkable for the absence, or al- 
moat entire absence, of immature individuala. 

"The method of illustration which has been adopted is one which 
seems most readily to furnish a means for comparison of characters. 
The embryonic sheila are repreaented aa enlarged, usually to the size 
of an adult, and accompanying the enlargement are natural size pre- 
resentationa of the final result of normal growth. Where the mature 
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forau hftve been too minute to show BStisfoctorily the detaile of strac- 
tniv, both the (l«v«lopmental atagee and full grown shell have beea 
enlu^d to a convenient eiie. Thus the incipient stages and matnre 
specific forms are presented together." 

Among its facts of interest brought out by the investigation here re- 
ferred to is that the initial stages of very distinct species, and even of 
very distinct groups, ore so macb alike, that it is often impossible to 
■ay whether agiven embryo is the young otSpiri/er, Athyrii.Rhynehon- 
eUa, ATiaitTophia, MerUtiaa or Nucleoipira. The conclusions of the 
authors, however, do not admit of any condensed statement and persons 
interested in the subject are referred to the original paper. 

BepoTt on the geology of the Rainy lakt region. By Andrkw C. Lawson, 
Ph. D. (Part F of the Annual Report of the Geological and Natural 
History Survey of Canada tor 1887. ) pp. 190, with two maps, 7 sections, 
7 plates from photographs, and lo cuts in the test illustrating the 
microscopic features of thin sections of rocks. Montreal. 1888. 

In this approximately plain or moderately billy Archeean region, so 
thinly covered by the glacial drift that oflen the bed-rocka are exposed 
to view almost continuously along distances of many milef, exception- 
ally favorable opportunity is aflbrdeii for their study. But the unin- 
habited condition of the country (forest and swamp, without roads) 
permits extensive travel only by canoes and by portages across the 
narrow divides between lakes at the head of the stream-courses. 

The Archfcan group there is found to be divisible into two systems, 
the lower being the granitoid gneisses, to which the name Liiurentian 
is restricted by Dr. Lawson, and the upper being chiefly schists, which 
are again divided into two series. The older of these, consisting of 
mica schists and granitic ^eisses, with a measured maximum thick- 
ness of four or five miles, is named by Lawson the Coulchiching aeries, 
well developed about Rainy lake ; and the newer, including melamor- 
pbosed volcanic rocks, with schists, ^reywackes, fiuartzytes and slates, 
be has called the Keewatin series in a former report on the region 
about the Lake of the Woods. The present re]iort gives very abundant 
and interesting observations of these formations, and ably discusses 
their origin and age, the history of their metamurphisui, and tlicir 
present structure and relationship. 

The author's studies lead liim to believe that after the deposition of 
the Btratifled formaiions which constitute the upper part of the 
Archiean in these districts, the whole group comprising a. vast thick- 
ness of sedimentary and volcanic rocks and perhaps below including a 
part of the first formed crust of the globe, was subjected to metamor- 
phiam from the heat of the earth's interior, whereby the biisat Lauren- 
tian rocks were so fused that portions of them were extravasated 
through the overlying Coutchiching and Keewatin scries. The Lauren- 
tian system can there be classified only on a petrographical basis, as 
ita distinctions ot stratigraphicnl ae(]uence anil relationships, if any 
such ever existed, have been obliterated. All the characters of these 
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gneisses indicate, according to Dr. Laweon, that they are plutonic 
rocks which have cryxtallized slowly, probably under an extremely 
gradual diminition of temperature, from a thickly viscid, coherent or 
tough, hydrothermul magma. Up to the time of its final solidification, 
whenit became approximately rigid, it appears to have been subjected 
to differential preasures, which, by causing a yielding or deformation, 
induced a flow in the mass, n'ith the results of its foliation as gneiss 
and the pnrallelnlignment of inclusions of foreign rock imbedded in it. 
Part3 of the overlying Coutchichiiig or Keewatin series may also 
have been involved in the fusion of the Lanrentian floor, becoming 
thus indialinguishahle from it. Above the upper limit of fusion these 
overlying beds are auppoeed to have retained their stratificalinn and 
to have rested as a crust of hard and brittle rocks upon the magma, 
subject to its metamorphosing influences. Fragments of the upper 
Archipan schists sank into the molten Laurentian, oflen to great dis- 
tancea from the contact, and the fissures and crevices of the Bchista 
were filled with injections of this magmii, which crystallized eventu- 
ally ae the Laurentian gneisses, attaining its present rock striicturo 
later than the overlying series. In mapping these systems, it is dis- 
covered that the Laurentian gneisses and granite occupy large round- 
ish areas, isolated by encircling belts of the upper schists, much as the 
Archpciin rocks of Sew Ilanipshire were mapped by Prof. C. H. Hitch- 
cock in the geological survey of that state. 

Drift is upread thickly over the country southwestof the Lake of the 
Woods and Rainy lake, but on the north and northeast it is scanty, 
and the bed-rocks have been everywhere rounded, grooved and pol- 
ished by the ice-sboet, the average direction of its movement being 
S. 40* W. The distribution and character of the drilt deposits are 
explained in part by the former presence of the glacial lake Agassiz, 
held in on its northeast side by the barrier of the receding ice. 
Abundant rock-outcrops and intervening swamps render the greal«r 
part of the region unfit for agriculture, excepting a tract about fifteen 
miles wide along the Kainy river. 

Melamorphltm of rockg. A. Irviso. Longmans, Green &. Co., Lon- 
.don and New York, 8vo, pp. 137. ISSi). 

In this decidedly technical and learned treatise the author starts out 
by stating the exact points to be investigated, thedifiicnities of present 
theories and the inadequacy of the term "metaniorphism" to convoy 
adeflnite idea of any particular change in rocks. He uses the term 
metamorphlsm to indicate "only changes in the internal structure of 
rock-masses (i. e., in their morphology)," while changes in the exter- 
nal form and chemical changes, are denoted by the terms, Metatropy, 
Piiramorphism and Motataxis. lie defines them aa followa: "1. Par- 
amorphism, including all those changes within a rock-mass, essentially 
of the nature of chemical changes in which the original minerals have 
had their chemical composition more or less altered, while new miner- 
als are formed within the mass. 2, Metatropy, or changes in the 



,v Google 



Review of Recent Geological Literature. 57 

physical characterH of rock-nmsHes, while there is no essential cb em- 
«alchaDge either in therock-mftaaoriiiitsconatituentB. 3. Metataxis, 
or changes of order of the constituents of the rock-maas, of which the 
phenomenon of slaty clesvage may be taken as a typical instance." 

The author concludes that the Archiean rocks "repreaent upon the 
irhole the pricuordial (iirst formed) earth's cruat, from which the 
ailiceous materials of the sedimentary rocka have been for the most 
part derived." Bui he does not conaider these ancient cryatalline 
Tocka to be the firat sedimenta and ci^yatal lined by hydro-thermal 
agencies. He believes there was a, p re -oceanic a Ugo during which a 
crust was formed which would theoretically consiHt of quartz and 
orChoclaso as the Laurentian granites really do. This, he saya, leads 
to the furl her conclusion that the process by whicli the Archiean 
gneiseeH and schistH were formed (so far as their essential mineral 
chara<-t«rH are i;oncerned) was essentially 'diagenetic' rather than 
'metamorphic' If thin bo admitted such phrases as 'the highly met- 
amorphosed Archican gneisses and schists' must be relegated to an 
obsolete nomenclature of geologic acience." 

The various phcnotnena of regional and contact-metamorphism are 
discussed and some of the causes assigned or suggeHted aa possible 
explanations of them are interesting to say the leaKl. An instance is 
in regard to foliation. He hays, "we Tiini/come ultimately to associate 
the feeble foliation of the fundamental gneiss where it has not been 
interfered with by mountain building proceHses with the earlier lolar 
tidal waves and the more pronounced foliation of the Andiivan schists 
with the subsequent lunar tiilal waves of the magma," 

.\lthough we may not agree with Mr. Irving in his conclusions ne 
can not fail to read with interest his reflections upon "metamorphism," 
which interest is heightened by the a uggci'ti veneris of many of his 
undeveloped ideae. 

Geotogij of Colorado ore duponile. By Prof. A. Lakes. The scope 
and purpose of this little volume of shout 160 pages can be best 
«xpressed in the language of the author, "This treatise contains the 
substance of a series of elementary lectures delivered by the author 
to the students of the Colorado State School of Mines, It is publiahed 
with a Tiew of meeting some of the needs of the general public, of the 
ordinary miner, and of the unscientific many, rather tlian with any 
idea of offering ori^nat matter for the discussion of the scientific tew." 

In carrying out the purpose as above set forth, Prof. Lakes gives a 
succinct account of the successive geological formations, illustrating 
this part ot the subject when practicable by references to outcrops 
and exposures of the successive strata within the limits of Colorado. 

The most valuable part of the work deals with the distribution and 
modes of occurrence of Colorado ores. The lithojogical characters and 
geological age of the rocks in which ores are found are very fully 
discussed. The intelligent miner will find much valuable in- 
ionnation respecting the characteristics and origin of placers. 
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the origin of veiDB, lines of contact where minerals may be 
looked for with probable sncceas, and other matters such as 
faults, dykes, etc., of equal interest and importance. There is reaaon 
to believe that mines and mining are regarded with more favot ift 
Colorado than reaearchea in paleontology. At all events the refer- 
encea to foBsil faunae are not always happy. For exunple, in speak- 
ing of the well known Carboniferous brachiopod, Spirifera rotks- 
moTttatta Maroon, there seems to be an unnecessary concession to 
nnacientific readers at the expense of scientific accuracy when it is 
described as "a sort of pectinated cockle-shell with a groove down the 
middle of the shell; this is called a Spirifer (Spirifer KockyMon- 
tana)." PUuroiomaria is in one place transformed into Pleuroto- 
Maria, while a little farther on, as if in expiation of previous recklesB 
waste of capitals, the genus Inoceramtii ia written with a small i.. 

On the whole, however, the work is a valuable one, and Prof. Lakes 
has rendered his fellow -citizens an abiding service in giving them a 
gnide to the geological structure of Colorado and the distribution of its 
important mineral deposits at once so clear, so thorough and so- 
reliable. Even the "scientific few" will find in it much to interest 
them. The work ia finely illustrated with views, sections, etc., front 
the facile pencil of the author. 

Dtgeriplion of tight nevi ipeciet of fonils from tin Cambro-Silarian 
rocki of Uanitoba. By J. F. Whiteavbs. This paper constitutes a 
part of Transactions of the Royal Society of Canada, vol. vii, Section 
]v, 18R9. Of the eight species here described, one is a gastropod, 
Maciurea vianiiobentU. The other seven species are Cephalopods. 
The MachiTen is one of the finest examples of the genus, some individ- 
uals attaining a diameter of eitjht and a, half inches. Although the 
exact stratigraphical relations of the rocks from which the fossiia were 
obtained have not been determined, they are yet on purely pateonto- 
logical grounds referred in part to the horizon of the Trenton lime- 
stone and in part to the Hudson River group. The Cephalopods 
taken by themselves, however, would certainly indicate a later period 
than any to which the species in question have been referred. Parallel 
generic differentiation did not occnr among Cepiialopoda in the 
Mississippi valley until the late Silurian or early Devonian. Six 
plates illustrate the paper. 

The Geological and Natural History Survey of Minnetota, Serenleenth 
Annual Report, for the year 33SS. N. H. Winchell, State Geologist, pp. 
VIII and 270. The main body of this report is divided about equally 
into three parts, the first being a discussion of the stratigraphy of the 
Archcean and primordial formations by the state geologist, the second a 
report of field-work in the Arcbean iron producing district of northern 
Minnesota by Mr. H. V. Winchell, and the third a report of field-work 
on the Archean of northeastern Minnesota by Mr, Uly. S. Grant. 
There tollowsa bibliography of American publications since 1872 relat- 
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ii^ to the cryBtalline rocka of die Northwest, occnpjring tbirtj-three- 
pmgea. 

ProfMsor WiDchell reviews the development of knowledge of the 
crj'Btalliiie rocks of the state during tiie progcese of the present survey, 
and points out some of the problems Ihat need further inveHtigation. 
He notes that the Archean group baa been subdivided, sometimes in- 
to onl? two parte, but more frequently into three or more, which are 
ftccepted not only by the geolo^sta of the Northwest, but by geologists 
who are at work on this group of rocks throughout America and Eu- 
rope. In Minnesota six members of the group, if this Hnroni&n be in- 
cluded in it, maintain a constancy of character and itratigrapbic posi- 
tion extending into WiHConein, Michigan and Canada, such that they 
require separate deacriptions. But Prof. Winchell regards the Huron- 
ian as the equivalent of the Lower Cambrian of Sedgwick, instead of 
which, however, he would adopt the name Taconic, proposed for these 
rocks in New York by Emmons, referring to tbJH series the Animike 
slates north of lake Superior. 

The Lanrentian rocks of the Canadian gculo^ixtH are divisible, as 
shown by Prof. WincheH'a obaervations in the Minnesota survey, into 
three parte, having different genesis and age. They are here describ- 
ed as "partly the result of change in it'ru from old Hcdimentary elrata 
of Lanrentian ^e, and partly the result of eruptive forces wliich have 
caused an extrusion and partial ovorlion over later sedimentary strata 
of some of the fused materials of die same old strata. Such eKtrusion 
has taken place at leant at two epoclis. * • • " Under this view 
the name Laurentian ought to be applied only to the first of tliene 
parts, which is the fundamental gneips ; and the eruptive masses ori- 
ginating from it are of subaequentage, as Vermilion, Keewalin, Ani- 
mike, or later, to be determined by their relalionsbip with tlieBeeeriefl 
overlying the true Laurentian. 

Next above tlie gneias is the great series of crystalline si'liistH named 
Vennilion by Winchell in 18S6 and Coutchichins by Lawson. 
The former shows in this report that the Laurentian sedimentary age 
probably ended with a characteristically eruptive era, producing in 
some places an uncoaformable and elsewhere a conformable transi- 
tion, snch as have been observed, from the Laurentian gneisH to the 
Vermilion acbists. There is ai^ain a gradual and confoniiuhle transi- 
tion from the Vermilion to the Keewatin series, the latter having near- 
ly the same characters as about the Lake of the Woods, where it was 
studied and named by Dr. Laweon.and the Keewatin period, accord- 
ing to Prof. Winchell, "closed by a renewal of active eruption as pro- 
found in its energy and its elfect on the pre-existlnir strata aa that 
which marked the close of the Laurentian." The vast deposits o( iron 
ores, chiefly jaspilyte, which are mined at Vermilion lake, are inclnd- 
•d in the Keewatin series, but whether the jaspilyte was sedimentary 
or eruptive remains an unsettled question. 

Much diversity of opinions has prevailed concerning the correlation 
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o£ the primordial formations in Minneeota and the Northwest with 
those of tlie northeaatem states. Professor Winchell denominates the 

lower three Northwestern divisions of this group in ascending or- 
der the Taconic, Potsdam, and Saint Croix series, referring the 
Keweenttwan series of Irving to the Potsdam epoch. At the base of 
the Taconic a wide -spread unconformity is recognized, separating the 
Keewatin series, the uppermost of the Archean, from the Animike 
(Taconic] formation. 

The Rivers and Valleys of Penmylrania. By William Morris Davis. 
pp. 71. {Lecture delivered before the National Geographic Society 
at Washinnton, Feb. 8, 1S89, and published in the National Geographic 
Magazine, vol. i, No, .'!), The investigation presented in this essay 
was attempted with the hope of unfolding a teachable sequence of 
facts that would serve to relieve the usual routine of statistical and 
descriptive geography; but the author finds, after thorough study 
and analysis of the well determined geologic and geographic features 
of Pennsylvania, that the history of the Susquehanna, the .Tuniata, or 
the Schuylkill is too involved with complex cbangcs.if not enshrouded 
in mystery to become intelligible to any but advanced students. To 
such the essay will be found very suggestive, opening a new field of 
geolo|.'ic oheervation and induction. The single course of an ancient 
stream is now broken into several independent parts, and conversely 
the pre^^ent rivers are often made up of parts that were formeriy sep- 
arated by watersheds. For example, the Juniata of to-day comprises 
headwaters acquired from Ohio streams, and the lake in which the 
river once gathered its upper branches has become a mountain-top, so 
that the streams now flow around the margin of the lake, not across 
its basin. 

Preliminary to the special discussion of the development of 
the rivers of Pennsylvania, the author sets forth the gen- 
eral history which a river would pass through in its cycle 
of youth, adolescence, maturity and old age, on the sup- 
position that a continental area were uplifted from the ocean 
and were then allowed to remain undisturbed through this period. 
But it may be doubted whether so long repose has ever been granted to 
any river basin ; and manifold clianges in the course and character of 
streams have been caused by movements of elevation, depression, and 
mountain-building. 

Professor Davis Hnds evidence that the Appalachian mountain sys- 
tem ae it was originally uplioaved in the Permian era has been greatly 
reduced and indeed finally worn away, while the ridges of to-day are 
merely the relief left by the etching of Tertiary valleys in a Cretaceous 
base-leveled lowland. He therefore concludes with Powell, that 
"mountains can not remain long as mountains; they are ephemeral 
topographic forms." 

The most conspicuous proof of differential elevation or subsidence 
during the Tertiary era are the wind-gaps in the long mountain ridgesi 
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of which the one beat known is the Del&ware wind-gap between the 
Lehigh and Delaware water-gaps in Bine mountain. This wind-gap 
marks the unfinished notch cat hy some stream whose headwaters 
have since been diverted, probabi}' to the Lehigh. 

The Struelure of Dntmlins. By Warren Uphau. (From Proceedings 
of the Boston Society of Natural History, vol. xxiv, 1680, pp. 228-242). 
The moat important part of tbia paper describes sections of tlie dmm- 
lins that form Third and Fourth cliffs on the coast of Bcitsate, Mass., 
about twenty-five miles southeast of Boston, consisting of till on the 
surface and to a depth of 15 to 25 feet or more and a centra) mass of 
modified drift, beds of grave! , sand and clay, with arched stratification. 
The bedding of the modified drift, and the obscure lamination which 
is commonly a characteristic of tlie till and is distinctly seen there, 
are parallel with each other and conformable with the line of division. 
Ho evidence of erosion, nor of tumultnous pushing forward, was 
obfierved ; but instead these sections appear to represent continuona 
deposition. The author believes that these drumlina, and probably 
the other drumlins ao well developed upon many areas in the vicinity 
of Boaton, were accumulated rapidly beneath the ice-sheet and near 
its receding margin at the close of the glacial period. 
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CORMiSPONDENCE 

Lbttbb proh M. a. Micbbi>I'£vv. MomieuT: Je viens de r^evoir 
votre aimable envoi, et je m' empresee de voae en remercier cordikl- 
ement. 

Je vouB suis reconnaiSB&nt d'avoir fait connaitre au ^and public qui 
a' tnterreBBe, en AmSriqne, anx chose> scientifiques, que U science 
allemande n' existe pat senle, enmatitre de travaux p^tro^raphiqaes. 
J'appelle de mee voenx le moment du 1e langage p^trographique 
poarra Stre uniG^, grfice A dee coDCeeeionB r^iproques, et en cherchant 
un appui sQr dee faita contingents, ind^pendants de toute bypothttse. 
A ce point de vue, je penee que voua avez rendn service )k la science en 
faisaant connfiitre mes objectionB & la classiflcation par trop tb^orique, 
adopts par BosenbuBch, et suivie actnellement par les nombreux 
adeptes de la puissante Ccole. 

Croyes, cher moneieur ^ mes sentiments reconnaissants et devout. 

Pari* k 16 Novembre, 1889. A. MiCHBL liiVY, 

MoMsiEUK Alexandbr Winchbll. 26 me Bpontini & Paris. 

Thb fossils op thb Trinity bbds. Pardon me tor entering a mild 
protest against the revision of the species from the Trinity beds of 
Arkaneas, published in yoxn last issue from the pen of ray esteemed 
friend Mr. Jules Marcou. The Pleurocera le neither a Nerinea nor a 
Cerithium, nor have any of the numerous specimens shown "the 
opening with a fold so common to the Nerinea," but upon careful 
examination of many specimens no such folds are apparent. What Mr. 
Marcou mutaket for a fold is a fragment of stone. Neitiier is the 
Vivipara a Nalica as shown in the excellent illustrations. I fear that 
Mr. Marcou has been a little hasty, as be will no doubt confess, if be 
examines tbe specimens. The fanna is estuarine and brackish, 
accompanied by sharp sands, lignites, clays, cross-bedding, verte- 
brates, etc. 

Very respectfully, 

Au»lin, Dee. 5, 1889. Robt. T. Hili,. 



PERSONAL AND SCIENTIFIC NEWS. 

Prof. C. L. Herrick, Granville, 0. has been Appointed 
professor of biology and geology in the University of Cincin- 
nati, at Cincinnati, Ohio. 

Prof. E. D. Cope has been Elbcted by the Tbcstees of the 
University of Pennsylvania to iill the chair of geology in the 
auxiliary course of medicine in that institution. 

The Deepest Bore in the World, claimed at different 
times for a number of places is, according to the latest 
accoaatB, at Schladebach, a small German village near Leipsic. 
It moaaurea 17,484 metres, or about 5,735 feet. The time ei- 
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pended in boring to thie depth amounted to six years, at a 
cost of $52,500. A peculiar experience eDcountered in connec- 
tion with this ana other deep holes in different parte of Ger- 
many is, according to Untand's Wochenshtit't, that the 
observed temperatures, while steadily increasing with the 
depths, show a smaller ratio of increase in the lower Btrata. 

The Testimony op Profebsor Orton, the State . Geologist 
OF Ohio, eiven in a natural-gas case at Toledo, is not calcula- 
ted to pull natural gas very far out of the slump in which it is. 
Natural gas, he said, is now a fixed quantity, its manufacture 
having ceased long ago. Hence the more that ia taJien out of 
the earth the less that remains to be taken out. With care 
and economy the northwestern Ohio field with the present 
draft upon it will last for from five to eight years, but not for 
ten, he thinks. Three years he gives as the average life of a 
gaa well. — Pittsburgh Commercial Gazette. 

Dr. C. E. Bbs8BY,a well known Botanist, is acting chancel- 
lor of Nebraska State University, Lincoln ; Dr. S. H. Peabody a 
zoologist, is chancellor of Illinois Industrial University, Cham- 

Eaign. These should be added to the list of scientists at the 
ead of state universities given on p. 320 vol. iv of the Geolo- 
gist. 

Prof. Franklin R. Carpeot-er REfliONED the Position of 
Dean of the Dakota School of Mines, at Rapid City, in Novem- 
ber, and is engaged in some experiments in pyritic smelting, 
with an iron matte, which are said to promise important ad- 
vantages to the mines in the Black Hills. The position vaca- 
ted by Prof. Carpenter was filled by the appointment of Mr. 
<Teo. F. Duck M. E., of Bethlehem, Pa. 

Mr. W. p. Blake, Describes in the Eng. and Min. Jour. 
Dec. 21, another new bituminouH mineral, and names it (from 
Dr. Henry Wurtz of New York) Wurtzilite It is from 
"WaBatch county, Utah, not far from the source oftheUintah- 
ite, now an article of commerce. 

"The new substance differs essentially from any hitherto 
described. It is a firm, black solid, a little heavier than water, 
and breakfl with a brilliant conchoidal fracture, and has a gen- 
eral resemblance to jet or some of the cannel coals. It is sec- 
tile, cutting like horn or whalebone. The shavings and thin 
flakes, or fragments, have a degree of elasticity. These char- 
-acters led, at first, in Salt Lake to the supposition and the re- 
port that the substance was allied to caoutchouc, or vulcanized 
rubber. But it was soon found to be without the essential 
qualities of rubber, not having tensile elasticity, and being very 
difficult of solution. It was then for a time referred to the 
species elaterite, the only elastic bitumen described in Dana's 
mineralogy. But a comparison of the subtance with the des- 
cription of the assemblage of dissimilar substances classed 
under the name elaterite shows that it differs from either of 
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I that it has much better defined characteristics, 
mit a specific description and eotitle it to a distinct- 

ite occurs in large, homogeneoua masses, free from 

J admixture and without any evidence of formation 

ai of fuaion. It ie amorphous, and when cold, or at 

emperature, it is brittle and breaks with a large con- 

ttcture, giving very brilliant, glossy surfaces with a 

ustre like uintahite, and resembling in appearance 

.ent conchoidal surfaces of newly-broken obsidian. 

Tever, a degree of toughness which increases witli an 

af temperature, and it recjuirea a quick, sharp blow 

a flake and secure a good fracture. 

ty is observable in thin flakes, but this elasticity may 

'ed to that of glass or mica rather than to the yielding 

Bticity of "rubber." If the flake is bent too far, or 

it snaps like glass. The substance is also flexible 

I slowly pressed and warmed a flake may be bent 

ible. 

-The extremely thin edges of the flakes obtained by 

■e garnet red by transmitted light, and are often bril- 

would thus appear to be trancparent in very thin 

d to be deep red in color. The color of the mass by 

ight is a jet black. 

!9S. — The hardness Is such that it Is not impressed 

lil at ordinary temperature. It scratches gypsum, 

aot scratch rock salt. It is thus between two aod. 

le scale of Moha. 

I Gravity,— &i 60 degrees F., 1.030. 

ity. — Does not fuse in boiling water, but becomes 

tougher, and is more plastic, but is not viscid or 
id fragments are not adherent. It melts in the 

a candle, takes fire, and burns with a bright, 
flame, with a slight crepitation and little 
ving off a strong bituminous odor. Fused in a 
e it givea oflf a dense cloud of white and yelKiw 
d distils over a thick, brown, tarry oil with a strong 

leaves a small residue of fixed carbon. Fragments 
1 the hand emit a strong odor like that of some of 
petroleums, which is rather offensive. 
oal Characters.— li is a good electric. Negative 
' is easily deveioped by friction. It will be found 
an insulating material and for other purposes in the 

iility. — It is not easily dissolved. It resists the 
rents of bitumen, but experiments are in progress 
1 probably lead to a process by which it can be suc- 
fforked in combination with other substances." 
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NOTES ON A KANSAS SALT MINE. 

Bj- KuBi. H *Y, F.G.S..\ . Jiinctfon City, Kaa. 
Tbe lubstaDecotapnperrvB'lat thi'Toroiitomi'utlngof llie A.A.A.S.,]S»9. 

In 1886 and 1887 there was much speculative boring in 
Kansas. Rock gas and some oil having been found in the 
eastern counties of the state, the people of the middle and 
west tried their luck with the drill. In August. 18S8,itwas an- 
nounced that rock salt had been struck at Ellsworth, on the 
Smoky Hill river, west of the 98th meridian, and at Kingman, 
75 miles south, just east of the aame meridian. Which place 
struck it first is now a matter of dispute. At Kingman, Tri- 
assic 'redbeds' are on the surface, and the salt was found be- 
low them. At Ellsworth, the Dakotah formations arc on top 
but the drill showed what had not been before suspected, that 
the redbeds there underlie the Dacotah. At several places be- 
tween these, and also further south and west, and one place east, 
the rock salt was found and is now being manufactured by the 
various methods of evaporation. 

At Kingman, however, through the indefatigable exertions 
of Mr. Vi'. H, Child, a shaft was commenced on the 2nd of 
April, 1888, with a view of mining the solid salt. The shaft 
is 8ft. 2in.x 4ft. 2in,, inside the casing. Early in April, 1889, 
salt was reached in the shaft. The first bed was reached at a 
depth of 782 ft. This seam was two feet thick. Then followed 
ehale with vertical and other irregular seams of salt from 1 to 
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3 inches thick and then other salt bedB, alternating with sim- 
ilar Bhales. One bed of lift, has been reached and the end is 
not yet. 

The section of the shaft is of course of more value than the 
drill record, and we give it here as far as it has progressed : 

SECTION OF KINGUAH SALT SHAPT TO THK DEPTB OF 820 PKKT. 

"Eed-bedB" — Bed drenaceoDS, llmeBtonea, ferrueinous clays,! 

and clay sbalee with thin streaks of gray shales and bands 1 460 ft. 

of gypsum as satin spar. J 

Gray or bluish "slate," with 2 ft. oF limestone at 500 ft. 140 ft. 

Ked clay shale 4 ft. 

Gray "slate," with occasional streaks of limestone, 2 to 8 in. l 

thick, and some salt partings and satia spar with ferm- \ 78 ft. 

ginoiis stain. J 

FiBST BocK Salt, pure white, 2 ft. 

Shale and "slate," blnish, with vertical and other seams of) on ft 

salt, from one to three inches thick, f "* ''■ 

Rock Salt, 4 ft. 

Shales, with Salt, 11 ft 

Rock Salt, 7 ft. 

Shale, S ft. 

Rock Salt, 3 ft. 

Salt and shale, alternate thin seams, 62 ft. 

Rock Salt, 11 ft. 

Shale, 1 ft., 2 in. 

BocE salt, 6 ft. 

Shales and limestone, 8 ft. 

Rock Salt, bottom of it not reached, 6 ft. 

820 ft. 
The shaft makes clear a division that the borings with a 
churn drill, left in doubt, viz: That there are gray beds below 
the red beds. The salt is at the bottom of the gray beds. 
The Quaternary and some Tertiary deposits hide the outcrop 
of the red beds to the east lo a great extent, but in several 
places in Sumner county ,the lowest of the red beds are seen rest- 
ing on gray beds, which at one time the writer took to be Per- 
mo-CarboniferouB. At Wellington, however, near the east mar- 
gin of these gray beds, the salt is found in thinner veins near 
the bottom and this with the total absence of fossils, leads 
me to call the gray beds, at least temporarily the Saliferous 
Aorisfln, and class them with thered-bedsasTriassic. Ihavepre- 
Tiously statedmy opinion that theSaliferoashorizoniscontin- 
iious without break, upward from the Permo-Carboniferous 
strata;^ which are well developed further east. The evidence of 
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this will be discussed fully at aome future time. One fact in 
thia connection may however be noted here. It is, that near 
the top of the Permo-CarboniferouB, there is a massive deposit 
of gypsum of great extent. This is not far devoir the salt de- 
posits. Near the top of the red-beds, about a thousand feet 
above the salt, in several counties sonthwest of Kingman, there 
is another extensive deposit of massive saccharodial gypsum. 
Stiil further to the west and southwest are the Salt 
plains of the Cimarron and the Meade county salt pool, 
which seems to indicate another salt horizon in the same rela- 
tion to the gypsum as the rock salt beds are to the gypsum at 
the top of the Permo-Carboniferous. The Meade county pool 
was formed by a sinking of the prairie in 1878, and though it 
has somewhat silted up since then, this year th« southern 
side has sunk four or five feet more. The photograph from 
which the plate was made, was taken in the spring of 1888. 

The relation of certain salt marshes in northern Kansas and 
the salt pool — a natural artesian flow — called the Great Spirit 
spring in the same region, to the other salt horizons, has 
not yet been clearly made out because opportunity for investi- 
gation has not been had, but it is believed that this relation 
will easily be determined. 

Returning to the Kingman mine, there are one or two points 
of miner alogical interest. There are in the "red beds," seams 
of gypsum in the form of satin spar, much of it pure white, 
some of it stained with the prevailing ruddy hue. In the 
gray beds there are vertical seams of the same form hardened 
to alabaster and taking a flne polish, but mostly stained red. 
Between the beds of rock salt, the gray shales have seams 
of salt, vertical, diagonal and horizontal, some purely white, 
others stained red, and some of the form of satin spar, the 
fibers as usual, at right angles to the direction of the seam. 
It is suggested that this halite is a pseudomorph of fibrous 
sfllenite. 

(Note — The illustratioDB naed in this paper are by tbe kind permie. 
■iou of Hon. M. Hohler, secretar}' of the Kansas State Board of Agri- 
cnltare.] 
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PICATION ANDORIOm OF THE CHIEF OBOORAPHIC 
FEATURES OF THE TEXAS REGION. 
Br RoBT. T. Hill, Auetin, Texas. 
II. 

THE VALLEYS OF EROSION.* 

[rainage accompanying the elevation of every plain is 
1 of its decay and deslriiction. In a previoue paper I 
iLBsified the drainage systems of the Texas region into 
jatclasseB: (I). Those rivers which rise in the Rocky 
tins and traverse the whole Bystem of topographic 
such as the Arkansas and the Rio Grande, with their 
le tributaries, the Canadian and Pecos. (2). Those 
iseintheeasternborderofthe Staked plain and which 
lually destroying it by headwater eropion, including the 
razoB and Colorado. (3), Those which rise in the nat- 
rings along the great Balcones fracture, and (4) the 
id incipient drainage of the coastal prairies and Eo- 
3 region. The drainage topography of each river sya- 
iiff'erent in each plain, and resulting therefrom is a 
;y of basins and valleys, only the chief features of 
Till be mentioned, leaving to others and future invcBti- 
i more detailed interpretation. 

dition to the valleys clearly attributable to the present 
;e, there are more ancient and extensive grooves, which 
ically different, and in some cases probably antecedent 
>resent streams, and which can not be interpreted by 
The moat conspicuous of thepe ancieat features are: 
le great valley of the Canadian through the Staked 
(2). The trans-Pecos basins. {3). The older valley 
river, (4). The Plateau gravel depression of south- 
rkansas, {5), The older terraced valleys of the Grand 
and coastward regions. 

The Older Valley of the Canadian. 
Staked plain is no doubt a remnant of the great plains 
srn Colorado, Kansas and Nebraska, but it has long 
een separated therefrom geographically by a great val- 
rosion, which for convenience I here termed the Older 
>f the Canadian. It is in the topography and structure 
and similar vaileys that we muet look for the history 
i3lain. 
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This valley ia from twenty to sixty miles in width, and about 
800 feet below the level of the plain. It transects ito entire 
width from the 100th to the 105th meridian. Its walls, espec- 
ially the south one, are very steep and apparently perpendicular 
when viewed from below, forming a grand and beautiful feature 
in the landscape. The bottom of the valley is but slightly con- 
cave, almost a plain itself, and covered with on extensive 
detrital formation of calcareous pan, accompanied by siliceous 
pebbles, much worn and rounded. For this formation I have 
proposed the name Terra-BJanca, used by the Mexican inhab- 
itants of the valley. 

Within this valley and running through it is developed the 
modern drainage system of the Canadian, a mere pin-scratch 
in proportion to the larger chasm. This cuts through the 
Terra-Blanca formation into the Red Beds and its flood-plain 
has the general aspect of the drainage of the Red Bed region. 
The Canadian of to-day, with its laterals, is newer and subse- 
quent to the ancient valley. The writer has traversed only 
two hundred miles of this valley, and then so hastily that he 
must leave it to others to work out its detailed structure and 
history. The investigator who will take up the study of this 
ancient chasm, and ascertain its origin and that of the Terra- 
Blanca formation which fills it, will find in it the key to the 
later geologic history of the western United States. 
The Older Valley of Red rioer. 

A somewhat analogous valley to that of the Canadian is to 
be found on the Indian Territory side of Red river between the 
98th and 96th meridians, as transected by the Missouri, Kan- 
sas and Texas and the Atchison, Topeka and Santa Fe rail- 
ways. Here the modern Red river Hows through an ancient 
alluvial deposit of from twenty to forty miles in width, filled 
mostly with the debris of the Red Beds, and far above the 
altitude of the present stream. Too little is known of this 
valley to discuss it here, except to say that its direction sug- 
gests a continuation with the Canadian valley on the west and 
the Little Missouri valley on the east. Nearly all of the Grand 
Prairie north of Red river has been destroyed by this erosion. 

THE RIVEK TERRACES OF THE BLACK PRAIRIE AND EO-LIGNITIC 
REGIONS. 

All the rivers of the first class occupy wide and deeply ter- 
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raced basins as they cross the Black Prairie and Eo-LigDitic 
regions, and in places these extend westward to the eastern 
edge of the Grand Prairie. These terraces, at Austin,' upoD 
the western edge of the Black Prairie, extend two and one- 
half miles inland from the present fiood-plain, and attain an 
elevation of two hundred and fifty feet. They are especially 
common in the Eo-Lignitic region where the ancient drainage 
has nearly destroyed the continuity of the plain. Bonee of 
the mastodon and elephant are found in most of these de- 
posits. 

THE LAKE BASIN'S OF THE TBAN8-PEC0S MOUNTAIN KEGION. 

Other important valleys of erosion and sedimentation are 
the recently drained lake-basins of the Trans-Pecoe mountain 
region. These are extensive flats, as they are locally termed, 
which occupy nearly all of the intervening space between the 
peculiar and apparently unsystematic mountain groups west 
of the Pecos. "Eagle flat" near the junction of the Southern 
and Texas Paciflc railways, is a fair illustration of this struc 
true Here the lake structure is very apparent, and eo well 
preserved that it is not difficult to imagine that the waters 
have only been recently drained. In other places in Texas 
and in Mexico these basins are still occupied by saline lakes. 
The present valley of the Rio Grande east of Ysleta is cut out 
through one of these basins. More will be said of these basins 
later. 

MOUNTAINOUS AND DISTURBED REGIONS. 

Having classifled the plains and valleys of the Texas region 
let us turn to the mountains or other records of disturbance 
and elevation. The whole region is included in the apex of 
an angle between two great and important mountain systems, 
upon the north and southwest respectively, while within the 
heart of the state is a little known area which has once been 
the scene of much disturbance. In addition to these the great 
fracture of the Balcones, has extended across the state from 
one great mountain system to the other. In these sj'stemB 
are to be found the history of the limitation and elevation of 
the plains, and other important bearings upon their origin. 
The Ouachita Mountains. 

South of the Arkansas and Canadian rivers and north of 

< See this journal, 3Iay, 18S9. 
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the Red river, extending from the vicinity of Hot Springs, 
ArkanssB, through Indian Territory to the 100th meridian in 
Texas, is one of the most important, but least appreciated 
orographic syetemB in the United States and eepecially im- 
portant to the Texas region, inasmuch as it is the northern 
limit of most of its "peculiar geologic features, and the great 
barrier which differentiates it in every natural aspect from 
the Missouri-Kansas country. In a previous paper I have 
spoken of this as the Ouachita system — a name proposed by 
Dr. John C. Branner, of the Arkansas survey, who, we expect, 
will bring out its details as a result of the careful survey now 
being conducted by him. 

Id Arkansas the different parts of this system are known as 
the Rich, the Poteau, the Black Fork, Round Mountain, etc. 
West of that state it includes in its trend the groups locally 
known as the Seven Devils, the Shawnee hills, the Kimishis, 
the Tishomingo, Potato hills, the Arbuckle and Delaware 
mountains, the Witchitas, and the Navajoes — the last near 
the line of the 100th meridian. 

This system consists of several kinds of topography. This 
may be (a) narrow, elevated parallel ridges, with deep interven- 
ing valleys,as seen along the old military road from fort Smith to 
fort Washita, (b) of exceedingly irregular raaBBes, separated 
from each other as in western Arkansas and eastern Indian Ter- 
ritory, and possessing the most erratic outline and extent, as 
beautifully, shown upon the contour maps of the United 
States geological survey, or (c) of. low knolls or hills, which 
are so inconspicuous as to be no longer worthy of the name of 
mountains, except from a structural standpoint. The last are 
characteristic of the central portion of the system, in the 
Chickasaw Nation, Indian Territory, near Stringtown and 
Tishomingo where they are known as Potato hills. Again, the 
apparent continuity of the whole system is broken for many 
miles by intervening plains, as between the Arbuckle and 
Witchita mountains. The former eastward continuity of this 
system has beeen destroyed by the erosion of the Mississippi 
embayment — the western end is buried beneath later sedimen- 
tation of the Staked Plain. The eastern and western extremes 
of the system present the most conspicuous elevations. In the 
Arkansas portion the tops of the ridges stand as high as two 
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thousand feet above the adjacent low plain of the Red river 
drainage, and can be seen from a distance of sixty miles or 
more, provided one can secure a view unbroken by the dense 
timber of the region. The western end, as seen in the Witchita 
mountains of the Comanche and Kiowa reservations, also 
consists of bold and conspicuous elevations, resembling some- 
what the topography of the Arkansas end. 

According to captain Randolph S. Marcy, who describes 
the Witchitas in his report upon the "Exploration of Red 
river," they are made up of three distinct ranges running from 
northeast to southwest. "They appear to be in groups, or in 
clusters of detached peaks, of a conical form, indicating a vol- 
canic (igneous?) origin, with smooth, level glades interveninR; 
and rising, as they do, perfectly isolated from all surrounding 
eminences upon the plateau of the great prairies, their rugged 
and precipitous granite sides almost denuded of vegetation, 
they present a very peculiar and imposing feature in the topo- 
■graphicul aspect of the country." "The numerous peaks rise 
from eight hundred to nine hundred feet above the river. 
Mount Webster, one of the most conspicuous, was found to be 
783 feet above the plain, by the barometer. Twelve of these 
elevations were found to be composed of granite, which in 
many places is undergoing rapid disintegration."' Of one of 
these Marcy says : 

"We are at this place directly at the base of one of the most 
lofty and rugged mountains of the range. Its bare and naked 
sides are almost destitute of anything in the shape of a tree 
or plant, and it is only here or there that a small patch of 
green can be discerned. Huge masses of flesh-colored granite, 
standing out in jagged crags from the lofty acclivities every- 
where present themselves to the eye, and the scenery is most 
picturesque, grand and imposing.'" 

The principal sediraentary material composing the Ouachita 
mountains are shales, sandstones and firm limestones of the 
Coal Measures of the Carboniferous period. In Arkansas the 
sandstones have been intensely hardened into a kind of 
quartzyte and are known as "mountain rock." At Limestone 
gap and other places in central Indian Territory, the blue 

' Dr. Edward Hitchcock ia Marcy'a exploration o( Red river, p. 147. 

'Ibid, p. 08. 
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limeatoaes predominate. Accompanying these greatly rfie- 
tarbed and metamorphoeed sedimentary Tocka are many out- 
crops of both plutonic and eruptive material, Buch as the 
peridotyteB and granites of Aricansas, the f^anite bosses of 
Tishomingo and the red granites, basaHti, porphyrytes and 
eruptives of the Witchitas. Concerning the latter no more is 
now known than was expressed as follows by Dr. Edward 
Hitchcock some years ago : 

- "The rocks of these mountains are traversed by veins of 
greenstone and quartz. The latter is often porous and col- 
ored by the oxide of iron. The greenstone is the most recent 
of the unstratified rocks among my specimens, save a single 
vesicular mass, broken probably from a boulder, which has 
all the external marks of Java. It looks more like recent lava 
than any specimens I have ever met among greenstones or 
basalt. It was collected west of the great gypsum deposit, 
though in a region abounding in sandstone, and near the 
bluffs that form the border of the Llano Eatacado. Dr. 
Shumard found in the bed of Red river near the same place, 
what he calls greenstone porphyry and trachyte. The spec- 
imen to which I have referred is rather augitic than trachytic. 
He aays also that he found there a 'black scoria and other 
specimens of volcanic rock,' Again, on approaching the 
Witchita mountains on the return trip he describes one as a 
truncated cone with a basin-shaped depression in the summit; 
of which he seems to have judged l)y looking at the mountain 
from a distance. But taking all the facts into account I can 
not but feel that there is reason to presume that volcanic 
agency has been active in that region more recently than the 
trap dykes."' 

The structure of the system has not been studied as a whole. 
For the most part, however, it consists of almost vertical folds 
of the composing stratified rocks, as shown in the section 
along the Arkansa^i-Choetaw Hue,' at and in the beautiful 
water gap of the Washita, along the line of the Santa Fe rail- 
road, in the Chickasaw Nation. Accompanying these are 
dykes and veins of igneous material as well as great masses of 
granite. The general trend of these folds and ridges, as seen at 

■ Dr. Edward Hitchcock, pp. 146-147 of Marcy'a report on Red river. 
' See Am. Jour. tici. April, 1%VB. 
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the extremes both in Arkansas and in Indian Territory, is 
about 10° eouth of west — a fact which has couBiderable bearing 
upon the subsequent topographic development of the region- 
The importance of this mountain system and its relation to 
the climate, the structure and the cultural conditions of the 
Southwest have never been defined. It is the presence of this 
elevated barrier in Arkansas that protects the sub-tropical 
Louisiana region from the cold "northers" which blow through 
the central gaps and lowlands of equal latitude in Texas mak- 
ing that state so much colder. It is this mountain barrier 
that condenses the moisture from the gulf of Mexico and pre- 
cipitates in the southwestern Arkansas region fifty inches of 
rainfall annually, while along its almost destroyed central 
course the country is nearly arid. To these mountains are 
attributable the wildness of the country of western Arkansas 
and central Indian Territory, which are perhaps still the most 
impenetrable fastneaseB of our country. The present bearing 
of these mountains upon the Texas region, however, is incon- 
spicuous in comparison with the grand part they have played 
in the past; for from all the evidence it is apparent that the 
present elevations of this system are merely remnants of an 
ancient and once magnificent system between the Appalachian 
and Rocky mountain systems, as the Uintas now connect the 
Rockies and the Wasatch. They were elevated after the close 
of the Carboniferous, as shown in the almost vertical fold of 
the rocka of that period which compose by far their greater 
portion. It is also probable that this elevation was prior to the 
deposition of that little studied series of eariy Mesozoic rocks 
spoken of in this paper as the Red beds, for which Dr. Hitch- 
cock long since applied the name of the "Red Clay formation." 
More evidence is needed to elucidate this point however. That 
the greater portion of the system remained dry land during 
the Lower Cretaceous, the Upper Cretaceous, the Tertiary and 
the Quaternary epochs of subsidence is also evident from the 
absolute non-conformity with which the sediments of those 
periods are laid down against them. There were gaps, how- 
ever, even in Lower Cretaceous time, when these earlier seas 
washed through these mountains and deposited their sedi- 
ments as far north as Kansas, sediments that underlie most of 
the great plains of Texas (except the Staked Plains and the 
Coast Prairies) such as the Grand, the Black the Eo-Lignitic 
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and the Plateau Gravel reepectively — and prevented their 
extent northward into Kansas, thereby differentiating the 
Texas region from all the rest of the United States. 

The main portion of the aystem, however, has remained dry 
land throughout the incalculable period of time which has 
elapsed since its uplift, in common, we will assume, with the 
Appalachian uplift, gradually yielding to the wear and tear of 
atmoepheric erosion, including the numerous climatic changes. 
When we consider the enormous denuding effect of these 
agencies acting through even short periods of time, it is justly s 
subject of wonder that any portion of theOuachita system should 
have survived it. The atmosphere, however, has not been the 
only agent in accomplishing the obliteration of this once con- 
spicuous mountain system, for, as above mentioned, it has 
been the shore line, during all this time, (ff numerous oceanic 
iavaeions, accompanying the subsidences and elevations, as 
recorded in the sediments deposited against it. The evidence 
of the excessive destruction of the southern front of the sys- 
tem from shore action is plainly recorded. In a previous 
paper' I have shown beneath the Tertiary or Quaternary 
overlap near the Arkanaas-Choctaw line, the record of many 
miles of this planing away of the movmtain folds by shore 
action, and if I may be excused for advandng a hypothesis, 
I will state that it is my belief, founded upon reasonable 
evidence, that in the Eo-Lignitic epoch, the whole eastward 
continuation of the system was destroyed by combined atmos- 
pheric and shore action, producing the topographic area now 
known to geologists aa the Mis.^issippi embayment. 

The chief agent, however, in destroying the topographic integ- 
rity of the original Ouachita system has been neither erosion 
nor shore action, but subsidence, for a large and important south- 
western extension of the system, occupying the central por- 
tion of Texas was virtually buried beneath the profound sub- 
sidences of early Mesozoic time, and especially during that 
important epoch of the Comanche series which has been so 
little appreciated in American geology. Evidence of this 
burial is afforded in the Central Denuded region of Texas, 
where the imbedding strata have been sulHcicntly destroyed 
to afford some testimony upon the subject as will be shown 
later; ■ _ ^ 

' See American Journal of Science, April, 1)587. 
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The mountains of the Tram-Fec'os country. 
jly distinct in every characteristic of age and Btrncture 

mountains cnnstituting the southern margin of the 
jgion. These can be briefly defined as occupying the 
west of the Pecos in Texas and New Mexico, and their 
ition into the republic of Mexico, their nori^hem 
approximately coinciding with the Rio Grande, east of 
th of the Pecos. No attempt has been made to etudy 
isify them, and to-day alraostnothing ispublished con- 
the details of their structure, history and relations to 
ler. So far as known they consist of numerous peaks, 
nd ridges — isolated or in groups — to the individuals of 
ver thirty distinct names have been applied in Texas 
Some of these, as has been recorded, may possess 
axes. Others are highly disturbed sediments of all 
<m the Silurian to Post-Laramie, sometimes capped 
'a, as seen in the Eagle mountains. Concerning their 
stratigraphy little has been published of a reliable 

In crossing the region several times, however, I have 
lie to see that the whole system has been elevated 
L the characteristic topography and rocks of the Grand 
j^k Prairie regions, i. e., the lower and upper Cretaceous 
vely.' This is readily seen by transecting them from 
tvest, along the line of the Southern Pacific railway. 
t intimation of the mountain disturbance west of the 

I the increased dip in the eastward inclination of the 
all the Black and Grand Prairie region or tjie upper 

ver Cretaceous systems respectively. This eastward 
dually increases as we go westward, and mountain 
oon succeed the rugged edges of the plains, and the 
dly dipping Cretaceous limestones are seen to rest on 
lost vertical rocks of presumably paleozoic schists, 
ling westward to the apparent heart of the region, near 
iprings, the Cretaceous rocks become highly metamor- 
and are crumpledin various directions, and overlain by 
uptive sheets. Still continuing westward in the vicin- 

II Paso there is an appearance of faulting on an exten- 
le, as seen along the south side of the Rio Grande for 
red miles below that city. The main questions of 
,in structure and relation, however, as before stated, 
emain unsolved. Between the individuals or 
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groups that compose this unclassified system, are the 
extensive Sate, composed of the lacustral sediments of 
the post-Tertiary waters that once covered the region. 
The importance of these flats or basins has usually been over- 
looked. They probably constitute two-thirds of the whole 
region and in the study of their structure and origin will be 
found the key to the late history of the region. In fact it 
may ultimately be shown that the mountains of the trans- 
Pecos region are simply concealed beneath the lacustral sed- 
iments of the lakes which once converted them into islands 
and shore lines. 

Little has been added to the knowledge of these mountains 
since the report of the United States and Mexican Boundary 
survey, in which many fine illustrations and descriptions of 
their topography are given and wherein it is siiid that "the 
eucceasinn of basins form a prominent feature in the geography 
of North America, extending two-thirds its length and quite 
one-third its breadth. They belong to what has been appro- 
■ priatcly designated as the Basin system of North America.'" 

The chief bearing of tiiese mountains ui)on the geography of 
the region, however, is that they were elevated through the 
great plains of the state, with the exception of the coast 
prairie and perhaps the Eo-Lignilic region, and are in a large 
part composed of the stratigrapliic remains thereof, thus 
forming a natural limit to the whole of the Texas region under 
discussion. 

The possibilities which may result from future investigation 
in the mountain structure of the region are most inviting, as 
well as the temptation to yield to speculation concerning 
them. 

Within the triangle formed by the jirojected axes of the 
Ouachita, and the trans-Pecos mountain systems and the 
Balcones fault, however, will he found the most important 
light that can be thrown upon the stratigraphies orographic 
and topographic history of our southwestern country. Where 
the axes of the trans-Pecos and Ouachita systems meet in 
northwestern New Mexico is the great Rocky mountain eleva- 
tion, which brought all of the Texas plains to their present 
altitudes, and produced the present coastward inclination. 

' Report on the U. ». and Mexican Bouiuiary survey, vol. i, p. 40. 



,v Google 



fr-" 



78 The American Oeologist. Feb. 

The Balcones fracture, extending from eystem to Byetera 
right angles to this resultant of general elevation, with 
ancient volcanoes and faulting, is pregnant with sugfi 
tionsofa long continued line of Btructural weakneae, 6i 
tending ancient coaetal plains, while the little known distn 
ancea of the granite region, are sufficiently near it to sugg 
an ancestry and lineage of sedimentary disturbance along t 
line, more complete in its record than any other fracture 
our land. 

Having now outlined the great plains and mountains of 1 
Texas region, Part iii of this paper will be devoted to a 8tu 
of its topographic history as interpreted in its ancient shi 
lines, subsidences and river systems. 
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ON THE SILURIAN SYSTEM OF ROCKS. 



1 MDBCBI80N, F.E.S.p 

loyal Geographical SocletlCB,* 



By Roderick I>ipi 
Presideiilof the Geological and 

gists have long felt that the older eedimentary depositB 
1 a systematic examination. I have devoted the last five years 
tudy of this cIbbb of rock!<, hoping thereby to fill up certain 
hich were wanting in the chronology of the science. (See 
Jid Edinb. Phil. Mag. 1832 to 1835, iti the Proc. of the Geol. ' 
k table published lacit year was the first attempt to convey to 
ogical student a correct view ot thethickneaa, variety of strata, 
lil organic contents of a vast system, which, though arranged 
re in the most lucid order of succession, had not previously 
inted out. These rocks rising from beneath ihe old red sand- 
ri Herefordshire, fihropshire, Radnorshire, Brecknockshire, 
uthshire, and Ciermarthensliire, and each distinguished by 
J and peculiar organic remaini, were respectively named after 
calities where each of them could be best studied, and their 
n the series most clearly established. I have no change to 
ce in the order detailed in that table [see Lond. and Edinb. 
ag., vol. IV, p. 370], but I wish to simplify it hy the abandon- 
double names, as applied to any one formation, and by the 
a of the names of those places only where the respective rocky 
lie in juxtaposition. 

ames finally adopted and which ivill be incorporated in a work 
preparation on this subject, are, 

udlowrockt, divided into upper and lower Ludlow rocks, with a 
zone of limestone : in this formation no change of name is pro- 
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2. Wtnloek timeitone and shale [equivalent, Dudley ]. 

3. Caradoc sandslonei. This name, supplying the place ot the 
Horderley aod May Hill rocks, has been derived from the striking and 
well known ridge of Caer Caradoc, on the eastern flanks o{ which, and 
lying between it and the Wenlock Edge, are exhibited those peculiar 
strata which are the equivalents of the shelly eandstones uf Tortwrirtb. 

4. Handeilo JIagt [preferred to "Builth and Llandeilo"]. AVhen 
this table is reprinted, there will be found many additions to the 
organic remains, some identilicatjone oC British with foreign, and 
numerous corrections. 

Notwithstanding the adoption of these names, there was still required 
a comprehensive term by which the whole group could be designated, 
and at once distinguished from the old red laiidtlonf above, and the 
«(a(y roci* below. Without such a collective name for the group I 
found it impracticable to proceed with the work which I had engaged 
to complete, it being essential to the clear exposition of the subject, 
no longer to speak of these deposits as "transition rocks" or "(ossiliC- 
erons grauwacke." The term "transition" might indeed, have been 
retained, if for no other reason than to impress upon foreign geologists, 
[the Germans particularly] bow vast a diSerence exists between the 
geological horizon of the mountain or carboniferoui limestone and that 
of tbe limestones of Dudley and Wenlock, which are notonly separated 
by many thousand feet of strata from the limestone of the carlmnifer- 
oua system, but further, contain an entirely distinct class of organic 
remains. It was, however, utterly hopeless to use the word "transi- 
tion" in any definite sense as applied to these lower deposits, seeing 
the extent to which it bad been abused. By some it was confined to 
those older rocks in which the earliest traces of organic remains were 
supposed to be observed, whilst others had more recently so expanded 
the meaning as to comprehend in it the whole of the car bonifermis series ! 
Thus at a period when, from the rapid advances of the science, it had 
become indispensable to define the boundaries of groups naturally 
distinct fmm each other, dissimilar things were stillconfounded under 
one common name! and hence every geologist with whom I am 
acquainted had been for some time agreed upon the expediency of 
obliterating the term. Tbe name "transition" is in truth, not applica- 
ble to any one class of stratified deposits in preference to another. 
Thus, for example, within the area of a map now preparing for publi- 
cation and embracing parts of ten counties only, I shall be able to 
show transitions into every formation, beginning with the inferior 
oolite and terminating in descending order wiih the Llandeilo flags, 
many thousand feet below the old red sandstone; whilst the latter 
overlie other fossiliferous masses, the relative ages of which yetremain 
to be worked out! In various milnoira read before the Geolocieal 
Society I have described these rocks as "fossiliferous grauwack^," but 
this term is in reality a niittnomer, as the group contains few if any 
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strata of ttiet rue grauwack^ oi German mJD- 
ernto^iats. But whilst thie syatem contains 
no such beds, it is anderliiid .ind som^timeB 
indiacordant strati fitatton, by a vast series of 
slaty rocks, in whicli much genuine grauwHckS 
t» exhibited. It is therefore manifest that if 
used at all in geological nomenclatiire,theterm 
"grauwack^" must lie ejected as inapplicable 
to the first great system helow the old red 
a and atone, and reatricted to rocks which 
were uou; proved to be of much hig;her anti- 
quity. Sly friend Professor Sedgwick will 
doubtless soon dixpel the obscurity which 
hangs over these grauwack^ rocks, with 
which his labors in Wales and Cumberland 
have so well enabled him to grapple. 

To return, however, to the system under re- 
view. I wax urged by leading geologists both 
at home and abroad to propound an entirely 
nSw name tor it. In conaonence, therefore, 
with those viewa which have rendered the 
names ueed by English geologists so current 
throughout the world, I venture to suggest, 
that as the great mass of rocks in question, 
trending from southwest to northeast, travers- 
es the kingdoDi of our ancestors the Silures, 
the term "Silurian system" should be adopted 
aa expressive of the deposits which lie between 
the old red sandstone and the slaty rocks of 
Wales, including, as above detailed, the Lud- 
,low, Wenlock, Cwradoc and Llandeilo forma- 
b tions. One of the largest of these formations, 
i^ to which, indeed, the Llandeilo fl^s are fre- 
. quently subordinate, has been named after 
the hold and picturesque ridge of Caer Caradoe 



I further propose thiit the system bo aab- 
divided into "Vpper" and "Lower Silurian 
rocks," the former embracing the deposits of 
g "Ludlow" and "Wenloek," the latter tliose of 
^ . ''Caradoc" and "Ijlaiideilo." By this arrange- 
3^'5'ment the observer will not be embarrassed 
v^ when he linds that certain typical strata have 
* disa]ipe4red. Thua, for isetaoce, when the 
■^ zones of limestone thin out, by which the 
formation of Ludlow and Wenloek are sub- 
divided, it is no longer practicable to mark 
lines of aeparation between them. Under 
such circumatanccs the united mass will sim- 
ply be described as "Upper Siluran rorkt,' 
whilst wherever similar causes prevent the 
aeparation ol the "Caradoc fiandstooes" ttoip 
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the "Llandeilo flags," the two will be termed "Lovier Silurian roctg." 
A wood cut is annexed, exiiUnatory of the manner in which these 
deposits are connected with the old red eandetone above them, with 
each other, and with the slaty grauwack^ rocks beneath them. 
Although the lower Silurian rocks are frequently unconformable to 
the schistose grauwack^, as represented in the wood-cut, there are 
situations in which a passage from one to the other may be detected. 
Having alluded to a work which is in preparation upon the geology 
of the country of the Silures, and of several of the surrounding count- 
ies, I may take this opportunity of acquaiuting those friends who 
have fostered the undertaking, that the author is unceasingly occupied 
in promoting its completion. Geologists are not, I am sure, among 
those who feel surprise at the delay ; for they well know that so large 
an area of country, and one bo little previously examined, could not 
have been adequately described ivithout several years of hard labor. 
In the mean time I may state that a man is now constructing, being a 
precise reduction of the Ordnance Maps, extending over the greater 
part of ten counties, all of which have been geologically colored in the 
field ; together with about twenty plates of engravings of fossils, many 
of which are of new species, and a vast number of colored sections, 
vignettes, &c., all of which will, I trust, be completed so aa to enable 
me to lay the work before the public in a few months. 

P. S. Authorities differ in opinion concerning the exact geographical 
boundarieaof the kingdom of the Silures, &c., &c-, Ac 



InvestigatioDS regarding the condition of the interior of the 
Earth hare been recently stimulated and directed in no ahght 
degree by the publication of various papers by Messrs. Head, 
Davison, Darwin and Fisher. These workers on the physico- 
mathematioal side of the subject have introduced to the notice 
of geologists s condition previously overlooked, but never- 
theless of very great importance. Aa a deduction from the 
physical laws that govern the constitution and condition of the 
deeper parts of the globe, lying beyond the reach of direct 
observation, this inference commands attention. Whether it 
finally proves to be exactly as its invef^tigators claim or not, 
the investigation itself will he of very great advantage to the 
science by clearing and sharpening our conceptions upon a 
very difficult topic. 

A short summary of the progress that has been made in 
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this direction was contributed by the writer to the pagea of 
The Ambrican Geologist in June and July, 1888, The present 
paper does not record any new advance, but ib merely intended 
to present the matter in a slightly difTerent aspect, and without 
entering into much detail, to show to a non-matlieraatJcal reader 
the position taken by the mathematiciana. Only the two princi- 
pal data will therefore here be introduced. These are (1) the 
amount of contraction suffered by each cooling shell of the 
Earth, and (2) the diminution of the space occupied by each 
in descending to a lower level. The whole problem is merely 
the investigation of the relation which these bear to each 
other. 

The^arth being a cooling globe, every layer of it from the 
center outward is gradually falling in temperature. But evi- 
dently at the surface and at the center the chilling process 
is reduced almost to zero, because in the one case the surface 
is already cold and in the other the center is bo deeply cov- . 
ered that the escape of heat is inappreciable. Physicists tell 
us that at so slight a depth as four hundred miles the cooling 
ia infinitesimally small, and may be neglected. All the inves- 
tigations, therefore, may be confined to a superficial shell four 
hundred miles in thickness. Below this is a nucleus or core 
practically unchanging in temperature and size from century 
to century. ^ 

Between these two zero limits is contained at present the 
cooling shell of the Earth. In this layer there must obviously 
be a level where the cooling reacbea maximum. A moment's 
thought will render this clear to everyone. It is a consequence 
of the elementary laws of heat, and is as true of an iron 
cannon ball as of a planet. This layer of greatest cooling is 
placed by the physicists, at the present time, at between 
seventy and eighty miles deep, or at about one-lifth of the 
thickness of the cooling shell. 

Obviously this layer of maximum cooling must nearly, if 
not exactly, coincide with that of greatest contraction. Every 
cooling ahell shrinks in three dimensions. It becomes shorter 
in circumference along two great circles at right angles to each 
other and it becomes thinner. The shell of greatest cooling 
will therefore show most diminution in thickness, and at the 
same time willtond to crack and leave open spaces in conse- 
quence of its shortening along the two great circles. 
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But under so great a pressure as that which must exist at 
the depth indicated the formation of open spaces is impossi- 
ble. The material there existing, whatever its nature; must 
be plastic under a weight so enormous and at a temperature 
BO high. Every space must be filled up almost before it is 
opened. The contraction in three dimensions is consequently 
reduced to shrinkage in one — the vertical — which becomes 
three times as great as it would otherwise be, the horizontal 
ehrinkage in the other two directions entirely vaniRhing. This 
is the region of "stretching" of Mr. Davidson which might 
perhaps with greater propriety be called the region of "squeez- 
ing" when we consider the manner in which the forces act. 

In the annexed figure (1) the outer curve is intended to rep- 
resent the amount of contraction Buffered by every thin shell 
of this crust between a depth of 400 miles and the surface. 
Beginning at the former with a slight 
curvature and very close to the radius to 
indicate email amount and slight increase, 
it gradually diverges as the cooling of 
the Bheils and consequently their con- 
traction increases until it reaches its 
maximum at the depth as already men- 
tioned of 70 or SO miles. Returning 
from this point the curve rapidly ap- 
proaches the axis as the cooling and con- 
traction again diminish until at the sur- 
face where both become zero the two 
lines meet 

This curve then represents to the eye 
the contraction of every shell of the 
£^ievBi«fM'r"ir«i''iJ.""""'^' sphere between the limits named and in- 
dicates a slowincreaaeoftliecontraction 
in the lower layers, becoming more rapid as the maximum is ' 
approached and falling with greater rapidity, after this point 
is passed, to zero at the surface. Such is, without claiming 
too great accuracy, the actual condition of the region in ques- 
tion. 

Passing now to the second datum of the problem it is easy to 
see that owing to the contraction of every shell there must en- 
sue a regular and increasing descent of all except the lowest. 
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Indeed the upper surface of the lowest descends as shown above, 
three tiroes as far as the shrinkage in any one direction re- 
quires. But the upper surface of the second shell must sink 
by about the same amount in consequence of its own contrac- 
tion and must also settle down on the sunken surface of the 
first. Were their contractions equal, which is not the case, the 
settlement of the second shell would be double that of the first 
but as the cooling increases upward its actual descent is rather 
more than this. 

Evidently this settlement steadily and incessantly increas- 
es upward, its sum rising faster and faster until the laj'er of 
maximum cooling is reached and then more and more slowly 
to the surface. The increase does not in this case as in the 
former pass into a decrease at any point. Consequently its 
total amount is greatest at the surface though its increase is 
very small indeed through the superficial layers. That is to 
say, in other words, that the fall of each shell in consequence 
of the contraction of those beneath it commences practically 
at the depth of 400 miles and becomes greater up to the super- 
ficial shell which falls most, the maximum increase being at 
or near the shell of greatest cooHng. 

It is almost needless to point out that in consequence of the 
spherical form the fail of the difTerent shells is accompanied 
by a narrowing of the space which they must occupj'. The 
nearer to the centre they fall the narrower this space will be. 
did every shell descend equally the change of space might be 
represented by a straight line diverging from the axis to the 
surface, every step of fall being represented by an equal dimi- 
nution of space. But as shown above their descent is not 
equal. Consequently the successive positions must be repre- 
sented by a curve, similar in general form to that in fig. 1. 
Starting with the other from zero, at a depth of 400 miles, it 
diverges from the axis more rapidly as it rises until the level 
of maximum cooling is passed, when the previous rate of in- 
crease as shown above, becomes less and less as the surface is 
noared. 

Investigation shows that in the deeper part of that portion 
of the sphere with which we are now concerned the shrinkage 
from cooling exceeds the loss of space due to descent. The 
curve representing the latter will therefore lie nearer the axis 
than the other. 
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Both diverge upward until they reach the shell of ra:txiniuTn 
cooling. But ahove this level the former returns toward the 
axis as contraction dinirfiislies while the latter continues to di- 
verge to the surface. It follows therefore of neccssily that at 
some point these curves muHt intersect each other. This means 
that at the point where this intersection occurs the values 
which they represent are equal, or that the contraction in con- 
sequence of the cooling of the shell occupying that level exact- 
tly equals the loss of space to which it is compelled to suhmit 
on account of its descent to a position nearer to the centre of 
the sphere. 

This is "the level of no strain" of the authors named at the 
beginning of this paper. By this term Messrs. Road and 
Davison, to whom the conception is due, imply that the - 
layer in the Earth's crust occupying this position is neither 
squeeied out to fill nascent empty spaces as in tlie lower part 
of the 40U-mile shell, nor crushed hy compression owing to 
the descent of layers already cool and therefore incapable of 
much further contraction to a level in the sphere too narrow 
to receive them without folding or crushing. It is a peaceful 
zone in a crust constantly troubled, a resting layer in an ever 
restless mass. 

In the two papers already alluded to published in this maga- 
zine in June and July, 1888, 1 pointed out sundry geological 
reasons for suspecting that the "level of no strain" had been 
set too high by its discoverers and investiga- 
tors. These need not be repeated here but it 
may not be uninteresting in conclusion to 
point out a few of the changes through which 
.this zone has passed since the consolidation of 
the Earth took place. As the authors have re- 
marked it has descended witli time to deeper 
and deeper positions. Forexample at the mo- 
ment of consolidation no such layer existed. 
The temperature increased from the surface 
FiB^. down perhaps to the centre though not at a 

constant rate. The superficial shell was that of greatest 
cooling and contraction. The two curves described in this 
paper were then as shown in fig. 2 and both reaclu'd zero at a 
small depth. But after the consolidation had taken place and 
the superficial layer had grown cooler but still was cooling 
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Eomewhat rapidly these two curves took the arrangemc 
shown in fig. 3. The zone of greatest cooling is now bel< 
the surface but that surface is not cool 
enough to allow thecurveof contraction to 
return to the axis. Consequently there 
was then no "layer of no strain." But 
at later date wlien the surface bad grown so 
cool as to cease to give off 

•ter -— ^ any perceptible degree of 

r\ heat the state of things repre- 

/ j° sented in fig. 4 ensued where 
/ / the curve of contraction re- 

/ urns to the axis or so nearly 

^ to it that intersectien takes place and t 

"layer of no strain" appears. 

From that time to the present this layer 1: 
descended lower and lower accompanyi 
*t a certain distance the level of great 
^^'■- *• contraction and will continue to sink deej 
and deeper until the cooling of the sphere is complete. 



THE ORIGIN OF THE PRESENT OUTLINES OF THE 
BERMUDAS. 

lly J. WAI.TEH Fewkes, Hosloii, Mass, 

The Bermudas consist of a number of coral islan 
which exhibit curved and crescontic outlines. T 
"Main Land," the largest of the^-e islands, presents a mark 
feature in the partial or complete enclosure of at least thi 
basiuM of water called sounds, which are irregularly oval 
outline and more or less complelely surrounded by land. T 
present islands are for the most part strung along in 
extended arc of an oval which skirts the platform upon whi 
they are situated. 

Two theories have been suggested to explain the positi 
and contour of these islands, the existence of the sounds a 
their relation to the platform from which the lands rise. Th( 
theories may be known as the "subsidence theory" and t 
"erosion theory," The latter has also been called, not ini 
propriately, the "cave theory," for reasons which will, it 
hoped, appear as we go on. 
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The general form of the component members of the Bermu- 
da islands ia BUch that one is immediately reminded, when 
studying a map of them, of the characteristic ring-shaped 
coral formationa of the Pacific ocean, which are known as 
atolls. Although the group hae been regarded as comparable 
with a compound atoll, or a large ring-shaped coral island 
with smaller circular lagoons along its rim, it has at least two 
marked differences from a typical coral atoll which appear 
even on a superficial study. These differences are as follows : 

let. While very similar to an atoll in contour the land of 
Bermuda ia much more elevated than that of the coral atolls 
in the Pacific. 

2nd. While ordinary atolls are rarely if ever greatly mod- 
ified by erosion everyone admits that the Bermudas have 
had their outlines very much changed by this means. 

The submarine platform of the islands is an oval bank along 
the southeastern edge of which the present land masses extend 
in a crescentic form. With the exception of the North Rocks, 
isolated elevated pinnacles on the northern boundary of the 
platform, all the land is confined to the poulhern and e.istern 
rim. The inhabited islandsenclose a number of open bodies of 
water, or sounds as they are locally called, which represent 
the lagoons of the supposed compound atoll. 

Historically the first interpretation of the cause of shape of 
these peculiar lagoons was that their form ia due to the grad- 
ual subsidence of the platform upon which the islands rest. 
It was thought that they illustrate in the Atlantic ocean the 
Darwinian theory of subsidence to account for the ring-shaped 
islands in the Pacific ocean. This application of the theory 
has not commended itself to one or two geologists to whom it 
seems insuflicient to account for the form of tliese islands. 
The facta which were thought to indicate subsidence and the 
undoubted evidence of erosion has led still other naturalista 
to a consolidation of the two theories, or rather the engrafting 
of one on the other, so that the workings of both are looked 
upon as indicated in the present contonr of the islands. The 
present outlines of the Bermuda are thus regarded by them aa 
due to subsidence as-uisted by erosion.' 

' Darwin stated tlie difficultiee in interpreting the Beriiimlas as a 
compouiMl atoll, which have never, in tlie opinion of the author, been 
satisfactorily answered. This paper does not difciiBS the literature of 
the sabject. 
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The stuJy of the tremendous erosion produced by the watur, 
inamechiinicjilway or as a solvent, on the soft rock which cora- 
posoa the islands leads to a belief that the outlines of the lagoons 
or sounds are due to an erosion of the same by inroads of the 
sea. It would seem to a superficial student of the geology of 
Bermuda that the erosive power of the sea must have been a 
great factor in the production of the present form of the Ber- 
mudas, but it does not seem wholly necessary to combine with 
that cause subsidence of the ocean bed. Several advocates of 
the theory of subsidence as applied to these islands admit that 
erosion has been instrumental in the formation of the contour 
of the islands, but sttll hold that subsidence is also an im- 
portant cause. To the writer, however, it seems more in 
accord with evidence that the present outlines of the Bermndae 
are almost wholly due to erosion and that subsidence of the 
sea floor is secondary in the formation of the present top- 
ography. It would be possible even to go farther and say that 
erosion is almost the only cause of the present diversified 
coast line of the islands. 

This agent is believed to have led to secondary modifica- 
tions in the geographical contour of such a kind as to impart 
to the islands a distant resemblance to a compound atoll, but 
in so doing has rendered evidence drawn from them as to 
causes as compared with Pacific ishmd atolls somewhat ques- 
tionable. The factor of erosion which all admit exists in the 
Bermudas has modified the outlines, imparting to them con- 
tours similar to those of atoila of the Pacific where erosion 
has not exerted its great influence. Arguments, therefore, 
drawn from similarity of outline must take cognizance of this 
fact. The present form of the Bermudas and that of the com- 
pound atolls may be similar, but that similarity may or 
may not be due to the same cause. The fact that there is 
another cause which is amply sufficient, which is present in 
one case and absent in the other, lends color to the belief that 
to say that both are results of the same agent is after the 
nature of an assumption. Similarity of contour does not nec- 
essarily mean similarity of cause for those contours, especially 

' Lripal sub.sUIenue duo t<) falling in of undermini»d lanil mui'ses may 
have o<:i'uiTe»l uml even tlie wholu platform may li:ive Bubsliicd — a sup- 
pnsitioii yet to be deinoiii'trateii — both of tliL'Se uucioubtoilly would 
affect tiie furm of tlie island, but the immediate cause ia erosiun. 
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when we remember that an active modifying ageut has exerted 
its influence in onecaee and not in the other. 

Butthe evidences claimed to account for the outlines of the 
Bermudas do not rest wholly on their resemblance to those of 
compound atolls. It is held that we have in the Bermudas 
direct evidences of the subsidence of the base. This evidence, 
which is mainly derived from sunken Cedar trees and 
submerged cave Btalagmites, will be considered presently. 

There seems evidence to lead to the belief that ring-shaped 
coral islands are not all formed in the same way. Prof. Heilprin 
strongly insists that the Florida reefs are on areas of eleva- 
tion to which I have no desire to object, but if one regards the 
Florida reefs as an area of elevation and an atoll as an indi- 
cation of subsidence how are we to explain the ring-shaped 
Marquesas islands? Here certainly we have a ring-shaped 
coral-island in an area, which the last mentioned author 
regards as one of elevation, but there is a danger in supposing 
that one ring-shaped coral island is necessarily formed the 
same as another of the same shape because its outlines are 
similar. My belief is that the outlines of the Florida reefs are 
determined by ocean currents independent either of elevation 
or subsidence. There are illustrations which might he 
used to Bupport the theory that circular reefs may not 
always be formed in the same.way. I think possibly the Ber- 
mudas and the Marquesas are such examples. It is 
possible that some naturalists have found ring-shaped 
reefs in areas which they regard area.t of elevation, 
others atolls in areas of subsidence, while still a third 
where there is no evidence of either elevation or subsidence. 
The causes which might theoretically lead to the formation of 
ring-shaped islands are certainly not so meagre that each, 
possibly all, may be right in regard to the islands which they 
have studied. 

The most important evideuces of subsidence in the Bermu- 
das which have been advanced are : 1st. The finding of cedar 
trunks in upright position in submarine excavations, or depos- 
its of "peat" and redsoil in the same or similar excavations. 
To which may be added the fact that ships in Groat Harbor, 
one of the sounds, have drawn up with their anchors frag- 
ments of cedar trunks and roots. 2nd. The existence, accord- 
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ing to Thompson, of submarine stalagmites standing in water 
in caves below the level of the sea. 

The finding of cedar trunks and roots under the sea does 
not in itself seem the moat conclusive evidence of subsidence 
in these islands, especially when we take into account that we 
are studying islands where erosive action is wide-spread and 
enormous. In point of fact one is tempted to ask if the exist- 
ence of trees or terrestrial organic deposits under the ocean is 
not exactly what would be expected where the evidences of 
erosion of the neighboring land are so great. Why can not 
we suppose that these objects have simply fallen to the sub- 
marine floor of sounds by the erosion of the rock above which 
they formerly grew, or have been transported to this position? 
Is there anything illogical in supposing that the cedar trees 
have simply fallen or been carried as debris to their present 
position, rather than to bring in the theory of subsidence to 
account for their position. 

The evidence furnished, contributed by the half-submerged 
stalagmites, would seem strong proof to instance in favor of 
subsidence. I have examined many of the Bermuda caves and 
have not been able to convince myself that any of them have 
submerged stalagmites which were formed above the pres- 
ent sea level, and consequently as far as the fact of their exist- 
ence goes I must rely on the observations of others. While not 
sure that the individual stalagmite mentioned by the natural- 
ist of the "Challenger Expedition" was formed as stalagmites 
generally, it may be evident that such is the case when we ari 
to learn more of its position, and amount of submergence. 
Moreover the fact that a stalagmite is now under water does 
not necessarily mean that sea water penetrated the cave prior 
to the time when it was formed, although the porous nature 
of the rock might seem to indicate that fact. A stalagmite of 
the genera! character of one in Joyce's cave may have formed 
before the floor of the cave was as deeply erod ed as at present. 
If the root of the cave settles what is to prevent the stalag- 
mite being forced under the water. The observations of 
evidence of subsidence in the whole platform of the Bermudas 
adduced by observation is not sufficient to prove the theory, 
AVhat ia JBOst needed is more observations and better inter- 
pretation of the supposed facts which have been adduced in 
its support. 
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While in the opinion of the author the evidence yet adduced 
is not aufficient to prove that general subsidence of the Ber- 
muda platform has taken place it is certainly not poseible to 
prove the contrary. I feel that our facts shed no light on either 
theory. There is reason to believe that the water once stood 
higher around the island than now, but the evidence of subsi- 
dence of the land, although accepted by most of those who 
have studied these islands, is not wholly conclusive. 

The Bermuda islands belong to that group of coral islands 
in which the most important agent at work is the erosion of 
the sea. Of great erosion there is evidence which no one can 
question, and the islands are in the process of destruction 
not construction.' 

The amount of erosion which is indicated there is stupend- 
ous and such as belittles all our ideas of the erosion of the sea 
on rock derived f^om a knowledge of the results of these 
forces on our own coast. The amount of red soil, which I 
regard as wholly the product of erosion, is in a measure an 
index of the amount of denudation which has taken place. 

The level floor of Harrington sound has been adduced as a 
proof that no falling in of the roof of caves has taken place, 
yet the argument is not wholly conclusive. It would seem as 
if the erosion and scouring of the fallen fragments by the water 
would level the floor except at the islands in the sound where 
vestiges of the former land still remain projecting above the 
water. 

It might be pertinent to ask whence came the islands in 
Harrington sound? Are they not remnants of elevations once 
much more lofty than they now are, and have they not an im- 
portant bearing on the problem we are considering? Their 
eroded sides tell of the inroads of the sea and their summits 
indicate considerable aerial denudation. Their very existence 
seems to show that the iloor of the sound is not level, altliough 
in themselves they do not deny the theory of subsidence. 
They are >believed to show that the caves which formed about 
them were limited to their periphery, no more, no leas. I would 
not interpret them as the roof of a fallen cave, but as rem, 
nants of the originnlly solid land which before erosion has 

' I have already 

of islamla. See 1 
Natural History. 



,v Google 



94 The American Oeologlst. F*b. ! 

reached its present amount formerly filled the space ni 
occupied by water. 

The forces of undermining and falling in of overhang! 
cliffs nan now be seen in operation, and the sea carries ofTt 

detritUB as it did when Harrington sound was first form* 
One can see to-day in the power of active erosion abunda 
cause for the excavation of Harrington sound without calli 
to its help a subsidence of the platform on which the islan 
rest. It may be said that the narrow entrance is not large cnou 
to serve aa a channel of exit, but we may conclude thatt 
amount of water which enters Harrington sound is but a pi 
of that which daily flows into that basin. There are subt 
ranean water courses, notably those near Paynter'a vs 
through which water passes in great quantities. These i 
possibly agents of erosion as well as of transportation of m 
ter which has been eroded. It is said that the entrance 
Harrington sound at "the Flats" is slowly filling, but it is r 
impossible that the amount of detritus conveyed through tl 
channel is greatly in excess of that left in the passage. 

The "cave theory" of the formation of the present outlir 
of the Bermudas may be stated as follows r 

The modification of the coast line of the islands and the f 
mation of the sounds is due to erosion by rain or by t 
sea. The sea is the most active agent, undermining the cli: 
forming caves or grottos, the roofs of which fall in from tii 
to time, while the debris is in part carried off in solution 
mechanical suspension by tides or currents. 

In support of this theory there may be instanced obser 
tion of the erosion indicated at the bases of the high abri 
cliffs and the caves found everywhere in the existing islan 

The depth of Harrington sound is adduced as an evidei 
of subsidence. It is aaked if the seacould excavate the floor a 
depth of fifty feet below its present level. I am not sure that it c 
not or that instances of eroded caves in harder rock than co 
limestone of an equal depth might be adduced. But even tl 
depth does not disprove erosion or prove subsidence. 1 1 
not unwilling to believe that there were depressions in 1 
great Bermuda which were never filled by rock, or sand hefi 
it hardened into rock. The nucleus of Harrington sou 
when erosion began may have been one of those. Indeed i 
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whole conception of the manner of the irolion coral rock forms 
is that the highest elevations of the old Bermuda were con- 
tiguous to the active surface. Depressions at a distance from 
the beach or even near it may not even have had their floors 
above the sea, and yet the enlargements of these depressions 
may have resulted as the "cave theory" demands. 

An opinion expressed by one of those who accepts the sub- 
mergence theory is that nothing remains at present of the old 
atoll of Bermuda except the position, so greatly modified are 
the contours. I think he is quite right. There is, it seems to 
me, no necessity even for the use of the term atoll in connec- 
tion with these islands except to indicate a circular reef with 
enclosed lagoons. Why ia it not better to restrict the term 
atoil to islands with a. different character. 

The original island from which the present fragments were 
derived possibly had a form like many of the Bahamas in 
which the atoll structure is next to impossible to discover. 
As an advocate of the "cave theory" it is thought consistent 
to suppose the proposition that the island on the Bermuda 
platform in its formation and original condition had the ring- 
shaped form. 

It can be said that the belief that erosion has been the most 
important factor in the sculpturing of the contour of the Ber- 
mudas, imparting to them their present outlines, does not 
necessarily commit one to the belief or disbelief in a theory of 
subsidence of the Bermuda platform. The efiects of erosion 
are amply sufficient to explain what we now see in their con- 
tours, and their is no reason to look beyond it for the expla- 
nation of the lagoons and the parts of Bermuda between 
North Rock and the existing islands. 

While we see everywhere in the islands the formation of 
caves and miniature examples ofwliat has been carried on 
with grand results in the past, it must not be supposed that 
this erosion had any more of a cataclysmal nature than at 
present. The slow proce.'is of undermining of the soft coral 
limestone by inroads of the sea, and the formation of grottoes 
and of subterranean waterways honeycombed the land which 
formerly occupied the place now filled by the sounds, and 
little by little the roofs felt in to be transported away by an 
ever-present carrier — the sea. Every rain from the sky played 
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ite part in this destruction until ander these denudation agen- 
cieB the great mass of the island disappeared. 

The elevation of the island of which geologists think they 
find evidences could not make up for the losses from the 
Temorseless sea combining with the rains in leveling the soft 
rock. I have no new observation to add to those advanced by 
others to prove the theory of an elevation of the Bermuda 
platform. There may have been an oscillation, elevation and 
subsidence, but the main cause of the present outlines of the 
coast is neither one nor the other, but enormous erosion. 

If there were no other forces at work an elevation of the 
platform of Bermuda fifty feet would profoundly affect 
the general contours of the islands. It seems equally 
possible that subsidence, if it happened likewise under 
the same conditions, would change the outline to a 
marked extent. But in studying the Bermuda of to-day we 
are studying the membra dejecta of a large island whose form 
we are obliged to surmise from its fragments. We know that 
those fragments lie on the periphery of an oval ring, but this 
is only a hint of the former shape of the island. It may have 
been a compact island covering the whole platform with its 
greatest elevation where the existing islands now are, yet it does 
not seem impossible that the original Bermuda was a ring- 
shaped island. With pronounced evidences, according to 
geologists, of elevation and of great erosion, the evidence of 
subsidence are more or less marked. Elevation and subsi- 
dence imply oacillation of the platform.- Suppose for argu- 
ment the island was originally formed by slow subsidence as 
Darwin requires, and at the end of that period elevation occurs 
by which beach rock is raised above the level of the sea. This 
would seem evident from the submerged cedars of Ireland 
island must have been submerged before the elevation of the 
beach rock, for if not they would be lifted out of water. They 
were then, if submerged, sunken before the beach rock formed. 
If beach rock forms it would have been above them, for it 
seems not to have formed over the submerged cedars which 
"vessels bring upwith their anchors from the Great Sound," 

We have then this rather astounding condition, an island 
with cedar trees growing upon it is slowly submerged until the 
trees are under water. On the same island [i.e. platform] 
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there is beach rook, confeBsedly formed under water, elevated 
above the sea. This beach rock was elevated before the sub- 
mergence. It ia impossible to be elevated after the sub- 
mergence since it was formed under water, when the trees 
were above. Elevation after submergence would mean, if no 
other agent was present, bringing the trees to the surface 
again. It would have to be elevated before submergence if 
the movement was not local. The beach rock was therefore 
elevated before the submergence indicated by the trees. It 
must, at its highest point, have been much more elevated 
than the land on which trees stood, because although the 
Bubmergence of the trees took place, the beach rock still 
remains in part above water. 

Add now the depth at which trees are found to the hight of 
the beach rock above the sea level and we would have at least 
a part of the amount of elevation of the top of the beach rock. 
If the elevation was equal throughout the whole area of the 
platform it would be high enough to raise the platform out of 
the water completely before its submergence. Reasoning 
from these data there would seem evidence to conclude that 
even without its capping of aiolian coral limestone Bermuda 
was once practically & continuous island from North Rocks to 
the present inhabited islands. But these remarks offer oo 
proof of a subsidence of the platform before the elevation. 

The submerged cedars if they prove subsidence can only 
be interpreted as indicating a subsidence after the eleva- 
«levation but not before. We are, it seems to me, obliged to 
rely on purely theoretical grounds for a preceding subsidence, 
provided the data for elevation are correct. 

There is no difficulty in accepting the theory of erosion to 
account for the disappearance of the old Bermuda on the 
ground of the great quantity of eroded material. A parallel 
can be found in our western caflons and eroded table moun- 
tains where, although conditions are very different, water has 
played such a tremendous part in a somewhat like process. 
The depths of the Atlantic contiguous to the island could well 
be the dumping place for the eroded material carved out of the 
old island. 

The depth of Harrington sound at certain points does not 
seem a fatal objection to the erosion theory unless it can be 
shown that the erosive power of water is limited to a shallow 
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Ending. The water in submarine grottoes in the face of 
Ts 19 often very deep, even when they, the grottoes, are 
ioubtedly due to erosion. 

The narrow entrance to Harrington 8ound at "the Flatts" 
iaid to be slowly becoming shallower which fact would 
m to indicate that either the bottom was rising or that silt 
i being deposited. I think the latter explanation is the 
e one and that here we have sometbingakin to the clogging 
.he mouths of rivers by the detritus which they bring down 
m their valleys. Whence came that detritus at "the 
tts"? Manifestly it is the result of erosion. But while a 
tion of the products of erosion is thus dropped in the 
rse to the ocean, a still larger amount manifestly is washed 
) the ocean. The amount of ground up coral sand that 

be transplanted by ocean currents can only be justly 
ireciated by one who remembers the miles and miles of 
te water which are often seen in the vicinity of coral 
nds. 
'he problem which we are considering deals with the pres- 

configuration of the islands of the Bermudas and this out- 
! may or may not correspond with that which they had in 
ner times. Roughly speaking it may be said that in agen- 

way the contour of the old Bermuda before the sea had 
in out the lagoons, was that of an oval island. This island 
' have been in the process of elevation or of subsidence, 

if the latter, depressions in it may have been a beginning 
n wliicli the sound begins to form. Even granting the 
■libilty of submergence, bringing this depression beneath 
ocean level does not mean either that we accept the theory 
'. the contour of the present sounds are due to submerg- 
;, except in a very general way.' The immediate cause of 

circuhir lagoons ia what we are after, and that cause is 
ight to be erosion, even if subsidence, local or general, has 
m place. With those who hold that subsidence has taken 
;e in the Bermudas I have no important difference of opin- 
It is only with those who adduce from that the propo- 
)n that the present contour of the islands is the result of 

L W'uM Meeri; to tlieautluT that if we accept the proposition Ihat 
tea has by erosion mailt> the ^reat inroads iuto the land tliiit some 
■citpH ot the subsidence theory admii, that they have practically 
iilonfd n comparison between the IJermudas and the low ring- 
icd atolls of tlie Pacific and Indian 0(;eana. 
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eubsidence and formed as are the Pacific atolls that I find 
myself holding a different view. 

How much the Bermuda platform under the sea haa been 
lifted up by elevation of a mechanical nature we can probably 
never know, but the amount of growth of the land above the 
ocean, formed by upheaval and by other forces we can dis- 
cover. The thickness oftheieolian limestones, due to wind 
action upon finely triturated sand, is much greater than the 
highest estimate of upheaval as indicated by elevated beach 
rock. Roughly speaking it may be said to be over three times 
as great, as far as has been at present observed. It ia but 
natural to conclude that these wind-blown sands and the rocks 
formed from them have played their share, which is not small, 
in the formation of the island. They have done more than 
elevation to determine subordinate features of the configura- 
tion. /Eolian rocks can not form under water, and yet there 
are high wind-blown rocks in perpendicular cliffs in at least 
one point on Harrington sound. When these rocks were first 
formed their sides were not as precipitant as at present, when 
they show evidences of tremendous erosion. 

This soft rock occupying now, after great denudation, three 
times the thickness of all the rock above water, has suffered 
most in denudation, since it is one of the softest known rocks. 
"What must have been its proportion of loss since the erosion be- 
gan? Enough I fancy to impart the shape to the land above water 
on the oval platform, irrespective of any atoll shape which the 
up heaved rock may originally have had. It practically haa 
modified the old form of the island. Then, when denudation 
combined with this under the form of a new mask, obscured 
the outlines derived from elevation and subsidence, this was 
the rock which suffered the most, and which, even in the 
destruction of its character as rock has the greatest inliuence 
in determining the outlines of the coast. A capping of rock 
so soft as to feel every imprint of eroding forces, now in the 
form of sandstones, now as a moving glacier carried by the 
wind, transported by water, is the formation to which Bermu- 
da owes its oiitliniii. Its influence in the modification of 
coast lines of Bermuda is greater than subsidence, which in a 
measure it neutralizes. 
Some of the conclusions arrived at in my study of the origin 
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of the coast lines of the Bermudas have a general application 

to a classitication of ring-shaped coral islands. 

Wliile it is customary to call all ring-shaped coral islands 
atolls, it seems to the author that the practice has led to a 
misconception in assigning the same causes for their similar 
shapes. Ring-shaped coral islands may he true atolls, as 
those of the Pacific, or ring-shaped like the Marquesas group 
of the Florida Keys. Still others may be typified in ring- 
shaped islands derived from previously existing coral islands 
by erosion. Of these Bermuda is a type and an excellent 
illustration. What its original form was when it emerged from 
the sea we do not know. Speculation and comparison with 
other coral islands would lead us to regard it as circular. But 
since the appearance above the surface of the sea it has been 
profoundly affected by other forces which have greatly mod- 
ified it and changed its contours. The island has passed 
through a geographic development or a life-history in which 
the work of erosion fills much of the last chapter, for coral 
islands have an initial form characteristic of growth and a 
final form resulting from erosion. The former are coral 
islands in the process of active development; the latter of 
denudation or decay. 



Facts concerning the life historj' of the various forms of life 
whose fossil remains are found in every stratum of the more 
than 5,000 feet of limestones, shales and sandstones that make 
up the geological column as exposed in Ohio, are always of 
interest to students of Ohio geology. 

Some species made their appearance and continued to exist 
while hundreds of feet of sediment were deposited. Other 
Bpecies seem to have come abruptly upon the scene and after a 
brief ex is tence^geolo gic ally speaking — but which represents 
vast cycles of time as men reckon years — disappeared, and were 
replaced by later forms. The list of American paljeozoic 
fossils now numbers not less than 10,000 species and is being 
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added to every year, yet not a single one of these speciee is 
living to-day. 

Between 250 and 300 fossil forms have been recognized in 
the 800 feet of limestone and shales known under the general 
name of the "Cincinnati group" and by following "the testi- 
mony of the rocks" we may learn something of the life history 
of at least a few of this long array of species. 

In the Trenton limestone, the lowest rock exposed in Ohio 
and the formation in which natural gaa is obtained, there is 
found a fossil brachiopod shell, Orthig biforata. It occurs 
very sparingly in the fifty feet exposed at Pt. Pleasant, 
Clermont county, and is seldom or never met with in the lower 
portion of the next higher deposit, the Cincinnati beds. But 
in the upper portion, at the bight of 300 feet above low 
■water mark of the Ohio river, this fossil becomes quite com- 
mon. It is, however, a smaller shell and so difTerent from 
the typical form that it is classed as a variety of 0. hlforata 
under the name of var : dentatn. About 50 feet hipher or 350 
feet above low water, it has reached the full size of the typical 
0. biforata but does not show nil its peculiarities and is known 
to science as var : lynx. At the bight of 425 feet it assumes 
all the characteristics of the typical American form of 0. hifoT' 
ata and becomes ko numerous that a stratum from 2 to 10 feet 
in thickness and spreading over miles and miles of extent is 
made up almost entirely of the full grown shells of this fossil, 
and so certain is this layer to be found where the proper 
hight is reached that it is regarded by geologists as a most 
reliable land-mark. When the " 0. biforata stratum" is found 
the geologist knows that he is near the top of the Cincinnati 
beds. 

0. biforata did not die out after thus becoming so numerous, 
but continued in diminished numbers through the Lebanon 
beds, the uppermost member of the Cincinnati group and on 
up through both the Clinton and Niagara groups — the former 
with a thickness of 50 and the latter with a thickness of 350 
feet, or a combined thickness of 400 feet. This added to the 
300 feet which constitute the Lebanon beds, the 425 feet of 
Cincinnati beds, and the 50 feet of Pt. Pleasant beds (now rec- 
ognized as Trenton) gives us a total combined thickness of over 
1200 feet of limestone and shale, and during the vast ages in 
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which it was being deposited this particular Bpecies continued 
to exist. 

As a contrast to the life history just given is that of the fossil 
5iro;)j^(?nien«p^([»o-ccnre!FO,alao found in the Cincinnati group 
at Cincinnati," at an elevation of 300 feet above low water. 
While this species lived long enough to spread itself over the 
entire bottom of the sea in which the Cincinnati group was 
deposited, it is only found through a few feet in thickness of 
the 800 feet of limestone and shale that are included under 
■ this general name. Or(A!>reiror«o isanotherfossilbrachiopod 
that makes its appearance in the same limestone at the bight 
of 475 feet above low woter, but is only found for a foot in 
thickness — when, so far as known, it disappears entirely. Yet, 
judging from the character of the rock or the other fossils 
associated with this, there was no physical change of any 
kind that marked its appearance or disappearance. 

The triiobites furnish us with a stranger story of life and 
death — death not only of the species but of the whole family, 
so tliat to-day they have not a living representative in the 
world. They made their appearance in the Primordial period, 
increased in the Lower Silurian, were most numerous in the 
Upper Silurian and "after there had been, under a succession 
of genera, more than 1700 species, came nearly to an end 
with the Devonian — the old genera being aUextinctand only 
three new ones appearing in the Carboniferous to close off this 
prominent Palteozoie type," (Dana's manual of geology, page 
289). Although these lingering forms carry the life history of 
the triiobites to the close of Paltfozoic time, yet the fact 
remains that the end of the Carboniferous age saw their final 
extinction. 

The question naturally presents itself, \Vliat caused the 
extinction of species in past geological ages? Let me say 
here that no one great cause need be sought, but rather a vast 
number of slight and almost imperceptible ones. A case once 
came under my own observation that well illustrates to what 
slight changes we must look for information on this subject 
Ten years ago I made a trip to the Tuscarawas river four 
miles south of this city, (Akron, 0.) for the purpose of obtain- 
ing some s|)ocimens of a river mussel, Unio damn, not found 

"The Cincinnati Group," Prof. Orton Geulogical Sur\-ey of Ohio, 

vol. I, page aas. 
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in streams 0owing north into lake Erie. There had been a 
summer freehet some days before, but the water was then low. 
I found thousands of dead shells but not a single live one in 
four miles walking in the bed of the stream. The fresh water 
mussels bury themselves with one end of the shell just pro- 
jecting above the sand and gravel, and the end in which the 
openings are located directed up stream. The valves are 
usually slightly parted so that the water may enter through 
one siphon and after the animalcules, etc., contained in the 
water have been strained out by the gills of ihe mussel, the 
water is forced out through the outlet siphon. But the sum- 
mer freshet had washed so much sand into the opening of the 
shells that the mussel was unable to close the valves, and so 
an animal that spends its whole life in the water was drowned 
in its native element. Visits to the locality several times since 
show that they have not yet recovered their former abundance, 
and nothing would bo necessary to totally extinguish all the 
species of Unio in northern Ohio but frequent summer fresh- 
ets continued from year to year. 

A few years ago about three miles south of this city there 
was a swamp in which a particular species of snail Helix 
mitehelliana, was found. It has not been found elsewhere in 
northern Ohio up to this time so fur as known. To say that 
it was plentiful gives but a fiunt idea of its abundance. Per- 
haps the fact that at one visit of a couple of hours I collected 
more than a (juart may give an idea of the numbers. Three 
years after the discovery of this interesting colony a ditch was 
dug round the swamp which drained the surface of the field 
and cut off the supply of water from the water-loving plants 
which covered its surface, causing the death of the swamp 
vegetation. As this snail is a vegetarian, the disappearance of 
the swamp vegetation may have destroyed its supply of food, 
or the lack of proper shelter, or more likely a combination of 
many slight causes may have exterminated it ; at any rate the 
snails totally disappeared and the most careful search all 
round the vicinity has failed to find a single specimen since. 

Five or six years ago in one of the lumber yards of this city 
there was a minute species of snail, Pupa corticariea, not yet 
elsewhere reported in this vicinity. It had probably been in- 
troduced here attached to pine lumber from Michigan where 
this species is common. The surface of the lumber yard was 
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in with refuse two years ago and the Bnaila were buried 
ire now only known to have ever occurred here from the 
mens in the various cabinets in this city. 
both the latter eases man's agency was at work in the 

ction of species, but in the case of the shells in the 
arawas river man played no part. 

ese instances may serve to remind us that in palaontol- 
ts at present we need not look for cataclysms and convul- 
i to account for the extinction of species, but must often 
3ute them to local changee, slight but sufficient, in the 
struggle for existence, to handicap the losers in the race. 



ATTEMPT TO EXPLAIN GLACIAL LUNOID FURROWS. 
By A. S. PArKARD, Provldenoi', R, I. 

his admirable report on "the rock-scorings of the great 
ivasions" in the seventh report of the U. S. geological sur- 

Prof. T. C. Chamberlin draws attention to the subject 
DOid furrows, and rejects ray explanation of the cause. It 
be said that the first observer to call attention to these 
entic ice-engravings was T>r. John Delaski, of Maine, {I 
t Falmouth or Yarmouth) who saw them on Mt. Desert, 
described them in the American Journal of Science for 
., 1863, (2d Ser. x.xxvi. 275). 

iving observed these ice-marks,at various places in Pwitz- 
id the past summer, and not having been satisfied with 
brmer explanation, I venture to suggest what may seem 
: a more reasonable one. It also appears that the lunoid 
)W3 are apparently the same as Prof. Charaberlin's "cres- 
ic gouges." 

first observed them at the Gletschergarten of Lucerne, 
■e they are not, however, very well marked, as the rock is 
nestone, and not favorable for their best development, 
photograph which I obtained quite closely resembles Prof, 
mberlins' fig. 33 of the disruptive gouges in sandstone, 
mberst, Ohio. Besides the gouges or true lunoid furrows, 
limestone rock at Lucerne was in places more or less 
^d off irregularly, as if the result of pressure. The surface 

inclined, the ice having been apparently forced locally 
ill. Afterwards in walking up the Grimsel Pass, these 
lid gouges were observed in abundance on the granite spur 
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or shoulder near the head of t)ie pass, where steps are cut into 
the smooth, polished and glaciated surface. This is one of a 
eeries of spurs which extend out into the valley, from Handeck 
to the Grimsel Hotel, and judging from their highly glaciated 
surface, they must have been subjected to tremendous pres- 
sure. Moreover at this point the granite showed a strong ten- 
dency to exfoliate, leaving more or less crescentic hollows. 
But on the next day when going and returning from the Aar 
glacier and passing a glacially emoolhed and polished nubble of 
granite which stood directly in the former path of the glacier, 
about half an hour's walk from the hotel, the probable cause of 
the numerous lunoid gouges so well developed there, occurred 
tome. It seemedquite plain to the minds of myself and my son, 
who accompanied me, that the transverse gouges were due to 
great pre33ure,causing the granite surface to exfoliate, while the 
quite regular shajie of the gouges was due to the presence of 
rounded aubglacial boulders of different sizes which were 
forced along between the ice and the surface of the rock. The 
gouges were on the stoss or glacial inclination of the nubble, 
the ice locally moving uphill. My former attempt at explain- 
ing the process by local back-and-forth motion of the ice, so as 
to cause the stones to turn over I was led on the spot to 
abandon. The marks both above ITandeck, and in the Aar 
valley were identical with those I had many years previously 
noticed oft the coast of Labrador, and near the summits of Mt, 
Baldfaoe and Speckled mountain, and at another point near 
Goodrich's falls on the Ellis river in the White mountains. 
The gouges there, appear usually to occur on surfaces which 
presented unusual obstacles to the passage of the ice, and are 
best developed on granite rock-surfaces, which have a ten- 
dency to exfoliate, and they seem to be caused by the presence 
of one or several boulders. The curved and crescentic or 
gouge-shape of the mark appears to be due to the fact (1) 
that the glacier carried or pushed a more orlesa angular boulder 
over a granitenubble or spur, so tliat the pressure was greater 
than at other points in the valley ; (2) the more or less round- 
ed boulder, with its lower or under side perhapa somewhat flat, 
and 80 situated that the ice rested only on the top, occasioned 
greater local pressure than where no boulders were present; 
(3) the boulder meeting with a slight obstacle suddenly 
stopped, and the ice pushing it from behind caused it to 
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slightly tip, 60 that an immense pressure was brought to bear 
on the small surface, causing the formation of a gouge- 
like crescentic hollow, with the concavity towards the origin 
of the motion, i.e., facing up the valley. 

In making my first explanation I wrongly inferred that 
there might be an "advancing and receding motion of the gla- 
cier," 80 as to cause the atone to turn over. 

In some way,then, due both to the striking or pushing force 
of the glacier, and to the local preasure resulting from the pres- 
ence of a boulder between the ice and the rock surface, the 
boulder was not aa with the rest of the ground-moraine push- 
ed gradually and slowly onward, but hitched, thus causing it 
to break off the lunoid fragment on a surface peculiarly liable, 
under great local pressure, to exfoliate. 

Prof Chamberlin remarks that he has not seen any "lun- 
oid furrows." What,however,we call lunoid furrows are apparent- 
ly identical with his "crescentic gouges" or "diaruptive gouges" 
such as are represented by his fig, 34. In fact my photograph 
of the glacier garden at Lucerne, with the crescentic gouges is 
almost identical in appearance with his fig. 74. 



EDITORIAL COMMENT. 



THE AZOIC SYSTEM. 

The following is quoted from the new Century dictionary : 

The "Azoic aystem" or series of Foster and Whitney includes the 
stratified rocks, together with the associated unstratified ones wliich 
underlie un conformably, or are olherwise shown to be older than the 
Potsdam sandstone, or the lowest group of rocks which has up to the 
present time been proved to contain traces of a former organic life. 

The following is quoted from Foster and Whitney's report 
on the lake Superior land district, 1851, Part ii, p. 3 : 

Below all the fossiliferous groups of this rei;ion tliere is a class ot 
rocks, coiisiating of various crvHtalline suhista, beds of quartz, and 
eaccharoidal marble, more or less metamorphosed, which «e denom- 
inate the A/mc system. This term whs first applied by Murchison 
and Vcrneuil to designate those cryatallinc masses which preceded the 
paleozoic atrata. In it they include not only gneiss, hut the ([ranitic 
and Plutonic rocka by which it lias been invaded. We n<:lopt the term, 
but limit its signification to those rock^ which are iletrital in their 
origin, and were auppoaod to have been formed before llie dawn of 
organized esiatcnce. 

The definition from the dictionary is seriously defective. It 
will bo noticed that it includes the unstratified rocks, in the 
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same manner as Murchieon and Verneuil, but that by Foster 
an4 Whitney these are specially exempted. The Azoic sys- 
tem, as defined by Foster and \Vhitney, would be the equiv- 
alent, nearly, of the recently named Keewatin and Vermilion 
groups, and, until fossil remains have been found in the 
Animike (Huronian), it would also be considered to embrace 
that. If the Animike be finally shown, as suspected, to be the 
equivalent of the "Olenellus beds" of the Taconic, it would 
have to be excluded from the Azoic. There is a pliability con- 
sistent with possible future discovery, in the definition of the 
Azoic by Foster and Whitney. But thie is wanting in the 
Century definition. According to it the Azoic rines to the 
Potsdam sandstone ; and the remarkable statement is made 
that it (we understand the Potsdam sandstone) is "the lowest 
group of rocks which has up to tlie ]>refient time been proved 
to contain traces of a former organic life." Shades of 
Emmons and Barrande! What can jiow he done with the 
"Olenellus beds?" Where shall Linnarson and Briipger, and 
Nathorst, and Salter, and Hickc, and WalcotI, and Ford, and 
Matthew now assign the great fauna that they have discovered 
in strata below the Potsdam. 



REVIEW OF RECENT GEOLOGICAL LITERATURE 

ContrihutioTu to the micrnpaleontologij of the CamhTo-SilariaTi rockt of 
Canada, Part ii. E. 0. Ulbicii. Geol. Sar. of Canacia, ]8Si». 

The paper describes specially some poljzoa (bryoi^oa) and OBtracoda 
from Manitoba, the new forms being Monticulipora pargsilii-B var. 
plana, Diplutrypa westoni, ISfttosloraa iiianitobenBis, Petigopora 
Bcabiosa, Bythopora striata, Fislulipora ? laxata, (iomotrj'pa bilaleralis, 
Pacbydictya hex agonal is, and P. magnipora, I'tilodictya whitoavesi, 
Leperditia Hulicylindrica, I'rimilia lativia, rrimitia { ? Itcyridiia) 
parallela, Ebrychilina reticulata, and E. muiiilob<?nsis, Strepula luns- 
tifera. The (ornia are illustrated by two platfS. 

The fossils from Stony mountain iniliciite the npper part of the Hud- 
son River group. Those from St. Andrews indicate the Trenton. 

Kentucky Joiiil thellt, frovi Ike Silurian and Devonian Tuck» vf Ken- 
tueley. By nENRvNETTi.BROTii. Kentucky Geological Survey. J. R. 
Proctor, director, 4to, pp. 1S!5, and :W plateH of foMsils, :f6.00. Robert 
Clarke & Co., Cincinnati.O., and John P. Morton & Co. Louisville, Ky. 

This monogniph contains a short sketch of geology and pal lu ontology, 
giving the outlines of both scicncL-s, explaining the principles upon 
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which they rest, and forming a short introdiiclion to both aubjecte. 
It is written in a simple manner, free from abstract technical terms, 
and well supplies the want of tlie general reader interested in edence. 

The descriptions and figures of the mollusca, from the region of the 
Ohi'> falls, are scattered in various publications and almost out of 
resell of the palaeontologist. The author has gathered this widely 
dispersed material, and, with but few exceptions, redrawn all flares 
from the numerous and finely preserved fossiJH of bis cabinet. To thia 
be has addi-d the new material obtained during long years of collecting, 
making tlie volume amono);raph of exceeding value. - It is illustrated 
by 36 lithographic platen, containing 220 species, of which 43 are new. 

ContriUaiont to Canadian Patxontolosy.Val. I, Part II. J. F. Whit- 
BAVEs. Montreal, W. F. ISrown & Co., 18Si). 

In this part Mr. Whiteaves continues Ills inveRtigatione upon the 
Canadian (almost exclusively invertebrate) pai^i 'ontology. In article 
2, '"On some fossils from the Hamilton of Ontario, etc." there are 
describe<l the following new species — two crinoids, Hamocrinvi rraiiut, 
and Dolatocrinns ranadratia and one doubtful Megitlocrinut species, 
one doubtful blastoid Penlremilidea Jilosa, two brnchiopods Linguta 
th<d/onleii»U and Hpirifera etiMccii/futa, one gasteropod Plalyotloma 
}>lictititm. A liMt w also given ot all the known species from tlie Onta- 



oHai 



iltonasfolloi 



Sponglae g. 1. s. 1. Eracbiopoda 

AntLo/na (Alcyunaria) g. 2. a. 5. Lamellibranchiata 

(Zoanibaria) g. 14. s. 31. Gasteropoda 

Hydrotnedusae g. 2. s. 3. Pteropoda 

Crinoidea g. 7. s. t). Cephalopoda 

Blastoidea g. 5. s. o. 

Polyzoa g. 12. a. 21. 

In article 3, "Fossils of the Ti 



1.41. 



Crustacea (Ostracods) g. 1. s 

(Trilobita) g. 2. s 

Pisces g. 1. s 

Bsic Rocks of B. C," nine 



species are described, two bracliiopods, Spiriferina borealU, Terebratuia 
liardtntia ; three lamelliViranchs, Afonuliii ovalii, Halobia occidentalis, 
Trigonodut (f) productus; one gasteropod, Margarita triaitica, four 
cephalopoda, Xautitus liardeasit, Popanoccriit mcaonnelU, Aero- 
ehordiceras ( i") earlotlfnee, Trachyceraa canadenie; Hyatt's Dflw genus 
iArniotiUa) is described at length. 

In article 4, "On some Cretaceous fossils from B. C. the N. W. Ter- 
ritory and Manitoba" one new lamellibranch, AatarU carlotUntii is 
described from B. C, two bracbiopods, Ditcina pUeolui, Trrebratula 
Toliufta; two lamellibranclis, Cyprina yukoncmia, Lima pfrabtxiiua; 
three cephalopoda, Sc/itocn(iac/iin borfalia [f), S.gracilh,Plai:rnticer<u 
glabrum; one phyllopod, Eatkeria brllula, from the N. W. Ter. and 
Serjmta afmieoalila (Vermes) Modiola ttmiisculjiia,^ lielritiniteUa nmn- 

' According to Mr. Wliiteaves this species appears to be cUisely 
related to Viilaella mulliliuigfra, tA.ce'K, from the Cretaceous of Utah, 
the umbonal slopes in the former bein<;more broadly rounded and the 
anterior extremity more greatly prolonged beyond the beaks. 
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iiobensii, Loricula canailfiiiie {cirripe^le) and two Belachian flahCB 
Plt/chodut parvultu, Lnmna maiiiluheiiiii. 

The work is beautifully illustrated with fifteen plal«s of sixty-three 
specie B. 

On the form and potition nf llie sea levfl, with Kpfcial reference to ill 
dependence on luperjicial mai>ei tijinetricnllij dilpoled abnut a normal to 
the earCh'i tur/ace. By Bobgut Sisipson Wikidward. pp. Bfi. (Bulle- 
tin of the TJ. H. Geological Survey, No. 48, 1SS3). Tfae mathematical 
inveetigattoa here reported deuls with the iufluence on the level of the 
sea or of lakes exer(«il through gravitation by rucIi maeses as the ice- 
eheet of the Glacial period, or in a lake basin by the water itself. Its 
application in the present work of the niitional survey is to determine 
the amount of displacement or variation from the preient level which 
woul<I be thus accounted for in the shore lines of ihe Quaternary lakes 
Bonneville and Lahontan of the glacial lake Agassiz and the higher 
stages of the Laurentian lakes, held in on the north and northeaet bjr 
the receding ice-sheet, and of the ocean, which submerged the north- 
ern borders of tliis continent and of Europe at the close of tlie Glacial 
periotl. The previous discuHsions of this subject by Pratt, Heath and 
Thomson are reviewed ; and the formulas deduced for ice attraction are 
employed in a consideration of the variations in sea level attributable 
to continental masses. 

The next two in this series of bulletiii»< are by the same author : No. 
4S. Lalitudee and longitudes of cerlain points in ifiisouri, Kaiiias and 
A'ew Merieo, (pp. 133, lfW9), consisting chiefly of instrumental obser- 
vations and their computation ; and No. 51). Formnlns and tablet to 
facilitate the conilruetion and use, of maps (pp. 124, 188!t), 

On invertebrate fossilt from the Paeijic Coast. By Charles A. White, 
pp. 102; plates 14. (Bulletin of the U. 8. Ueol. Survey, No- 51, 1880). 
Part I of this memoir describes nineteen new species and one nevr 
genus of fossil mollusca from the Chico-T^j'ia series of California. 
This series, which comprises the Chico, Martinet, and Tejon groups 
of the California Geological Survey, is found to be one great continu- 
ous succession of marine strata, unbroken from base to top, though 
representing both the closing epoch ot the Cretaceous period and the 
opening one of the Tertiary. "During this time," writes Dr. Wliite, 
"attendant physical conditions produced no sudden changes in the 
aqueous lite of the waters in which the deposits occurred. • • • • 
The Cretaceous characteristics gradually disappear upward leaving 
the surrounding fauna, with its laler accessions, without any com- 
miDgling of Cretaceous types," These features present a marked 
contrast with the probably contemporaneous brackish and fresh-water 
Laramie formation of the interior of the continent, which, although 
donbtlesB continuously deposited from the marine Cretaceous beneath 
it, and into the fresh-water Tertiary deposits above it, yet exUihitB, 
because of surrounding pliysical changes, an abrupt accession of its 
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;uliar aqueous fauna at its base and almost as abrupt an extinciont 
it at tlie top. 

'art II notes the occurrence of equivalents of the Chico-T^jon series 
Oregon and Washington. Tlieae represent both the lower or Cbico 
rtioo of the series and tbe upperorT(ijon portion. Only the former, 
i»ever, is identified in soutliern Oregon and northern California, 
'art III discusses the fatina oE the Vancouver group, describing 
«e new speeies. This formation In shown to be palteontologically 
dvalent, at least in large part, with the Chico strata. 
L small, unique fauna, collected by professor Newberry from the 
J-bearing formation of the Puget Sound baain, is reported in Part 
indicating deposition in a very large estuary, which was probably 
itemporaneous with the Laramie sea. 

i'he closing article, Part v, notict's a small collection of Mesozoic 
Bjls from Alaska, all of which are regarded as new, and as probably 
onging to strata somewhat older than the Aucella-besring strata of 

'u6a«rial decay of roci* and the origin of the red color of certain forma- 
i«. By IsHAEL Cook Russell, pp. 65; plates 6. (Bulletin of the 
S. Geol. Survey, No. 52, 1889). In the study of the origin ol the 
ivailingly red color of the MesoKoic sandstones and shales of oar 
Iftntic border on the bay of Fundy and from the Connecticut valley 
South Carolina, named tbe Newark system,' Mr. Rustell has 
imined the areas of deeply decayed rocks, covered with red soils, 
the southern states, and compares them with similar rock decompo- 
on and residual soils of other parts of the world. 
?he mica schists and allied i-oeks in Pennsylvania and Maryland are 
layed to the depth of only a few feet, but are frequently disintre- 
ited, that they may be removed with a pick and shovel, to fifteen or 
rty feet, and occassionally fifty feet, below the surface. Nearly the 
tire area underlaid by crystalline rocks in Virginia and the Caro- 
aa east of the Blue Ridge has a soil of red clay, which is a residual 
xisit produced by the subai-'Hal alteration of the rocks on which it 
ts. This alteration generally reaches more than a hundred feet, 
ow the surface, but, owing to lack of exposures, its full extent is 

(n washing the residual deposits so as to collect separately their 
.ins oE quartz and feldspar, scales of mica, and particles of other 
□eralx, each of these sand grains, especially where the decomposi- 
n is well advanced, has been found to be coated with a thin shell 
?ing a brownish or red color. Prolonged washing fails to remove 
i coating, a Ear:t which is well illustrated by the red sands now be- 
depoKited by the streams of Virginia and the Carolinas in the re- 
ns underlaid by crystalline rocks. Chemical analyses show that 
I incrustation is rich in both ferric oxide and alumina, being a 
ruginous clay formed arouud the individual grains during the dis- 

Junition and decomposition of the pa rent rocks. 

See this journal, vol. iii, pp. 178-182, March, 1889, 
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Warm, moist climatee are most favorable to rock decsy, which ia 
found more general and extending to greater di'pthft as one travels 
from north to south along the cryHtallinp rieiimunt belt oi Archaean 
a(te or in the great Appalachian valley of Paliooiolc strata. Along tlie 
Shenandoah, Jamen and New rivers in VirRinia the decay of limestone 
haa yielded a red clay sometimea fifty feet deep; hut in the colder and 
somewhat less humid climate ot the driftlcss area in Wisconsin the 
average thiclcness of the residual deposits is oidy seven feet. Little 
decomposition ot the rocks is observable in the arid region ot the Rocky 
mountains and the Great Basin, and the colors of the soils there are 
gray and light brown ; but on the west slope of the Sierra Nevada, 
which has plentiful rains and temperature nearly like that of the 
southern part of the Appalachian belt, deep ruck decay has taken 
place and the soil is red. In Nicaragua, the West Indies, Brazil and 
Boathern Europe and Asia, extensive rock decomp'isition and red soils 
prevail. The red earth of Bermuda, the "terra roasa" of south ea=lern 
Europe and the "laterite" of India are apparently identical, both in 
composition and in metho<l of accumulation, with the red residual 
Boil of the south part of the Appalachian valley. 

Turning to the rock formations ot previous eras, we find that the 
red and brown colors o( the Newark saniiatoneH, anii of many other 
sandstones, as on lake Superior, are due to incrustations of ferric 
oxido which coat the surfaces of the grains of quarts and feldspar 
forming the Strata and cement them together. The author therefore 
concludes that these beds consist of the dchris of lands that had long 
been exposed to the action of a warm, moist atmosphere. Previous 
hypotheses ot Bamaay, Dawaon, Dana, Couk, Newberry, Newton, 
Green and othera, are discussed ; and there is appended a bibliography 
of papers relating to the subaiTial dei'ny of roeka. 

Thtgtology of Nantucket. By Nathaniel Soutiioate Siiai.br. pp. 54; 
with ten plates and 16 figures in the text. (Bulletin of the IT. S. Geol. 
Survey, No. 53, 18811). Glacial and recent deposits form the entire 
island ot Nantucket. Through its central part there extends from 
weht to east a series of low hut extremely numeroua and irregularly 
shaped hills of glacial drift (gravel and snnd with houldera), culmi- 
nating in Shawkemo, Altar rock, and Fouljer's hills, and Sankaty 
Head, 75 to 100 feet above the sea. On the southern half of this 
island this line ot low drift hills, which is shown by its topographic 
features and material to be a terminal moraine of the continental ice- 
sheet, is bordered by a plain of gravel and sand which descends with 
a gentle slope from the hills to the sea and terminates in low hlufTs 
rarely more than 20 feet hiirh. 

The lowest deposit exposed on Nantucket is a bed ot clay, generally 
bine and compact, scantily interminirled with pehhles and sand. 
Though exhibiting an obscure stratification, it is probably to be classed 
as till or boulder clay. Its pebbles are occasionally scratched, and 
throughout they have the angular or faceted character c 
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glacial pebbles. When conaiderftble sections are exposed, as is the 
case at two or three points, the upper part of the deposit for 15 or SO 
feet is seen to be altered to a yellowish or grayish color, while the mass 
below is of the characteristic blue color of such clays. This formation 
does not rise abore the level of the sea save in a small portion of the 
surface of the island. Its bigheet point seen is in an excavation for 
road material in the west part of the village of Nantucket, where it 
rises about 30 feet above the sea. 

Upon the undulating surface of the lower clay lies a mass of irreg- 
ularly stratified aand and gravel, shaped in the hillocka and short, 
tumultuously grouped ridges called kames, with prevailing trends east 
and west and enclosing occEUional ponds or swamps in the intervening 
hollows. Where the hills are ateepeat, often having elopes of 20° to 
30°, they usually are very stony, lai^e angular blocks beii^ scattered 
•rer their surfaces, which, with the peculiar contour, ahow clearly that 
this belt is part ora frontal moraine. . 

The most peculiar feature of the southern plain is found in broad 
channels extending from the moraine to the ocean shore. These chan- 
nels are digitate, two or more olten uniting in their eouthward course. 
They range from fi to 20 feet in depth, and have flat bottoms from 200 
to SOO feet wide, sloping toward the sea with an irregular descent of 
about five feet in a mile. Their seaward extremities are in all cases 
below the level of ;ihe ocean and contain lagoons or ponds which are 
barred from the ocean by beaches of ssnd. 

Evidences of decay are observable in the pebbles of these drift 
deposits, by the crumbling of many of the varieties of crystailine and 
Iragmental rocks, by the dissolved look of the surface of the rocks 
which roHist interstitial decay, and by the development of joint planes 
in the pebbles, so that, though they may be but little decayed, they 
often split into fragments on being removed from their bed. Professor 
Sbaler believes these changes to be twice or three times greater than 
in more northern localities, as about Fall River, Mass., or on the coast 
at Boston and northward. But the suggestion that the drift of Nan- 
tucket has been proportionately longer exposed to suba trial weather- 
ing, and that the recession of the ice-sheet from Nantucket was twice 
or thrice as long ago as from northern New England, seems unwar- 
ranted ; for the outer portion of the drift would contain a lai^ inter- 
mixture of preglacial gravel from stream beds and the sea shore, and 
of other superficial depoaits that covered the country before the ice 
age, all of which had already been long subjected to weathering, so 
that these charactera of the pebbles may have been acquired then. On 
the other hand, the drift farther north, where glacial erosion and 
transportation were more efficient, would scarcely include any peb- 
bles formed by preglacial weathering, and stream and sea erosion, 
and its rock fragments, derived by glacial planation and plncking 
from the bed-rock, would exhibit only that slight weathering and 
chemical change which they have received during post-glacial time- 
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The Mme conaider&tion may also explain much of the difference in 
tliese respects between the outer part of the drift slong all the glaciated 
area of the United States and that lying farther jnaide the glacial 
boundary, as within the terminal moraines of the upper Miasiasippi 

region. 

In alt the pebble-drift sections of Nantucket, Prof, Shaler finds plen- 
tiful Bubangular rock fraginerta, with the fractured edgea onlysli^^htly 
worn, eome of which closely reaemble palieoliihic implementK, He 
regards these as inuicative of a long interval between two ice incur- 
sions, the earlier bringing boulders and pebbles in which joints and 
cracks were subsequently developed, and ihe later ice-sheet breaking 
these masses and strewing their subangular parts in its drift. Another 
explanation, however, seems lo be aftbrdeii by the probable occur- 
renee of such joints and cracks in pregl.icial gravel or uhingle and in 
masses left during the disintegration of ledges, ho that tliere may have 
been only a sinjile glacial advance to Nautiicket. 

The richly foHsiiiferous post-I'liocene bedM in the lower part of the 
section of Sankaty Head, on the eaH shore of the island, were first 
e:[a mined by Measrs. Di'sor and Cabot. Afterward more full collec- 
tions, and (he discrimination of two shell-beds Hoparated by a Perpula 
layer, were made by Meswra. S. H. l^cudder and liichard Ratlibun, 
the specioa being determined bv Viol. A. K. Venill, whoae list and 
notes are here copied in full. The lower shell-bed contains about 
thirty-five si>eeies which make up a faunal jiroup of distinctly soulhcm 
character, all of them l>eing now found living on the southern shores 
of New England, but several having their northern limit at Cape Cod. 
The species of Serpula is also of soutlierii ranu'f, reachhij; from this 
limit to North Carolina. The uppiT Hhell-bcd has about the same 
numl>er of sppcies as the lower, bnl only thirteen are common to both. 
The new apeciea bronf;lit in by the upper bod are moally of northern 
range ; though all of these are found as far south iis Massai'lmaetts 
bay, several of them have their southeru limit here or on the south 
coast of New England. The dill'erenees, however, according to Prof. 
Verrill, may not be due to any general climatic cliange in the tem- 
perature of water or of air, but rAtlier to geogr.iphic modifications of 
the low shores and shallow sea in this vicinity, by which this place, 
for a time sheltered, became later espiiaed to cold marine currents and 
the surf of northeast storms. The only similar preglacial or iiitcrgla- 
cial tossiliferouB section along the whole drift-bearing portion of our 
Atlantic coast is on the shore of Gardiner's island, about sixty miles 
distant to the west. 

Professor Siialer believes that during the formation of the terminal 
moraine on Nantucket this area was aubmer^cd ao that its hilltops 
were some 21i0 feet below the level of the aea. This he thinks to be 
shown by the boulders atrijwn over the morainic kaine deposits, which 
he suppoaea to have been dropped from icebergs, and by 
these depoaita, which are not only destitute of lines of 
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normal faults, T. H. Reade. A new atone meteorite, L. G. Eftkine. 
On the barium-Bulphate from Perkins' Mill, Templeton, Prorince of 
Quebec, E. 9. Dana. 

4. ExecrpUi and individaal publicaliont. 

An obeidian implement from Pleistocene depoaita in Nevada. W. J. 
McGee. Am. Anthropohgiit. Vol. ii. No. -1. 1889. 

The world's supply of fuel. W. J. McGee. For-um.- Vol. vii. July, 
1889. 

Artesian wella in relation to irrigation in western Kanssts. By Rob- 
ert Hay, Kan'at Slate Board of AgrieiiUurt. Aug. and Sept., 1889. 

The preparation of Bernice anthracite .coal. By Clarence E. Clag- 
horn. (From vol. 3, Ark. Oeol. Surrey for 1S88). 

Notes on the Berniee anthracite eoal-baain, Sullivan county, Pa. 
By Clarence R. Claghorn. ITrnne. Am. Iiisl. Mininy Engineers). 

Indian potholes or slant's kettles of foreign writers. T. T. Bouv^. 
(Proc. Bof. Sor. Xat. Uut. vol. xxiv). 

Description of a new genus and species of inarticulate brachiopod 
from the Trenton limestone. C. D. Walcott. Proc. Nat. ifui. vol. xii. 
No. 775, advance sheet, Dec. 10, 1889. 

A fossil Lin^uia preserving the east of the peduncle. C. D. Walcott. 
Proc. U. S. Xal. .V'"., ISS8, p. 4S0. 

Description of new ironera and species of fossils from the middle 
Cambrian. C. D. Walcott. Pmc. U. S. JVat. M>ii. 1S8S, p. 441. 

A simple method of nieaanrinj; the thickness of inclined strata. 
C. D. Walcott. I'roc. U. S. Xal. Mm. ISSS, p. 447. 
5. Foreign piihlicalions. 

Sur le developpement dea premiers trilohites. Par G. F. Matthew. 
<Ext. des annalea de la Soc. Koy, Mal.de Belgique. Tomex.\in, ISSS). 

Contribntions il I'^tuile des gneiss A py^ox^lle et des rochea i1 wer- 
ninte. Par .Alfred La Cruix, Paris. 18S9. Octavo. 2S0 pp., 2 plates 
and teit fiwuren. 

Snbai'rial deposits of North .America. I. C. Russell. From the Oeol. 
Mag., July and August, 1S89. 

On the scratched and facetted stones of the Salt Range, India. Gcol. 
Mag,. Sept , 1S89. 

Biblioth^q^le gfologique de la Russie. ISSS. Compos^e sons la 
redaction de S. Nikitin. Sop. to vol. vin, des Bui. du Comit(5 g^ol- 
ogique. 

Bullftins dn Comity gi'ologiqne. St. Petersbourg. Vol. vii. Nos. 7, 
8, It, 10; vol. viii. N'lH. 1, 2,3,4,5. 

Ueber die ruMsischen Auccllen. Vim J. I.ahnsen (mit .5 Tafeln). 
Vol. vnt. No. 1. Memoirca dii Comite geologiqne. St. Petersbourg. 
ISfii. 

All|.'enieiiie)i:e"Ioi'isdieKarte von Rnssland. BlaltiriO. Beschreibung 
des Central-L'nds und des Wesfabbanges. Von Th. T.schernyachew. 
(mit 7Tatuln und HI HolJischnitteii im Text). Vol. iii, No. 4. mViu 
du C omit*; t'eologi que. St. Petersbourg. 1S8!). 
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Glaciation of high pointB in the southern interior of British Colam- 
bia. Geo. M. Dawson. Geol. Mag. August, 1889. 

Descriptions of eight new species of fossils from the Cambro-Siln- 
rian rocks of Manitoba. J. F, Whiteaves. Trans. Roy. 8oc, Canada, 
vol. vi, Sec. IV, 1889. 

On tachjrlyte from Victoria park, Whiteinch, near Glasgow- By 
Frank Ruttey. Quart. Jour. Geol, Soe. November, 1889, vol. xlv. 

The Foldtani Kozlony (Sept.-Oct. 1889) contains: Sur le progress 
deo r^chercheB g^ologiqiies en Roumanle. Par. Bela de Inkey. Petro- 
graphische nnd g^ologische Verbaltnisse des centralen Theilee der 
Tokaj-Eperjeaer Gebirgskette in der Umgebung von Pusztafala, von 
Dr. Jul. Szadeczky. Zur Gfiologie Egypteos, von Joh. Janko jun. 

On the sub-divisions of the Speeton clay. G. W. Lamplugh. Quart, 
Jour. Geol. Soc, November, 1889. ' 

Die Hermann shole bei RQbelandi geologisch bearbeitet von Dr. 
J. H. Kloos; photograph i 9 ch aufgenommen von Dr. Max Muller; 
herausgegeben von der hertzoglich techniscfaei Hocbschule zn 
Braunschweig. Teit nnd Tateln. 

Entstehung und Ban der Gebirge, erlantert am geologischen Ban 
dee Harzes, von Dr. J. H. Kloos, pp. 90,21 Figuren nnd 7 Tafelu, 
Braunschweig. 

Bvi. Soc. Imp. NaturalitUt de Motcow. 1889. No. 1 contains : Etudes 
anr les conches juraaaiqnes et cretac^es de la Bussie. — 1. JurasRique 
snp^rieuret cretacfie inf^rieur de la Bussie et de l'Anglet«rre (PI. ii, 
III, iv> ; with a supplementary communication Sur les couches 
n^ocomiennes et jnrassiquee sup^ricures de la Rusxie et de 
I'Angletcrre. A. Pavlow. Also Note sur le n(bcomiende la Crim^e. 

On fossil plants from the Mackenzie and Bow rivers. Sir J. Wil- 
liam Dawson. 2 plates. From Trum. Roy. Soc. Can. vol. vii. 

New species of fossil sponges from the Siluro-Canibrian at Little 
Metis, on the lower St. Lawrence. Sir J. William Dawson. 27 dgs. 
and one plate. Trans. Roy. Soc. Can., vol. vii. 

Notes on Devonian plants. , D. P. Penhallow. 1 plate. Tram. Roy. 
Soc. Can. vol. vii. 



PERSONAL AND SCIENTIFIC NEWS. 

WiSTBB Mebtingot th« Gbological Socirrv of AHBRirA. The 
first annual meeting of the Geologii'al t^ociety of America con- 
vened in the great hall of the American Museum at 10 A. M,, December 
26, and continued three days. There was a large attendance of fellows. 
The meeting was welcomed in a few words by Morris K. Jesnup, Esq., 
president of the Museum, by whose invitation the Society had setccicd 
its place of meeting. Presiilent James Hall responded in some appro- 
priate sentences. The reports of the secretary and treasurer showed 
that the Society consists of 175 fellowH. Elections now announced 
raise the nnmbsr to 190. About(l,760 are in tiie treasury, after pay- 
ing all current expenses. Elections announced for 181)0 are as follows : 
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President Jamb§ D. Daka.. 

IT- -D- -J™ I. (John 8. Newberby. 

Vice-PreBidento Jalbiandeb Winch ^ll. 

Secretary J. J. STavBNaoN. 

Treasurer H. S. WiLLiAHa. 

iJ. W. Powell. 

Conncillors i Georgb M. Dawso!!- 

(G. H. Hitchcock. 

Three fellows have deceased durinff the past year. — Prof. Geo. H. 
Cook, Rev. Prof. David Honeyman, and Chas. A. Aehburner, of whom 
Uie secretary read brief biographical sketches. 

The first memoir presented was by president T. G. Chamberlin, 
on "Additional evidences bearinc; on the intervals between the leading 

51acial epochs." The Ho-cal!ed Orange Sand" reate on the Tertiary, 
'bis contains no glacial pebbles, but only cherts derived chiefly from 
the Carboniferous. The pebbles are not Champlain, bat preglacial. 
The lowest elacial member recognized he describee as the silta overly- 
ing the pebble beds, commouly known as loss. They are made up of 
ptulicles of glacial products. They were originallv horiiontal and 
nave received their undulatory configuration by the creeping" of the 
materials of the hills which the; mantle. The event was the great 
erosion of the llisaiHsippi valley and of Ihe river valleys tributary to it. 
The paper was diacuaaed by McGee, Proctor, Morrill, I. C. White and 
Chamberlin. 

The second communication was by professor Shaler, on "Tertiary 
deposits of eastern MasaachusettB." He showed that since Miocone 
time there has been a great amount of mountain- building action in the 
district considered ; and also that a part of the deposits which occupy 
the surface are not of glacial origin, but date back to the later Creta- 
ceous. He discussed the complex structure <jf Gay Head' and pro- 
nounced most of the deposits Cretaceous. The paper was (briefly) 
discnsBed by G. K. Gilbert. 

Dr. Newberry presented an oral communication on "The Laramie 
Group." Ho stated that the I^ramie proper, as defined by King, is 
demonstrablv Cretnceoua — neither Tertiary nor formed of beds of pas- 
sage. The l'"ort Union beds do not belong to it, but to the Tertiary. 
The proper Laramie does not, indeed, contain Tertiary plants, but 
forms analogous to those of European Crctaceoua. The testimony of 
the plants and vertebrates is entirely harmonious ; and that of the ma- 
rine molluscs is quite in accord. The plants no one is aulbori«ed to 
pronounce positively Cretaceous or Tertiary ; hut nothing prevents our 
regarding them Cretaceous ; the other evidences, however, are concln- 
sive. The communication was diacnsaed by Cope, Heilprin, Tyrrell, 
Ward and Stevenson. Cope stated that not only is the Laramie Cre- 
taceous, but he is inclined to entertain ihe same opinion of the "Puerco" 
which lies above and contains ll)0 mammalian species. Thus the 
"Wasatch" would Iw the bottom member of the Tertiary. 

Mr. S. F.EmmoQsread a lengthy and valuable memoir on "Orographic 
movements in the fiocky mountains ;" but the reading, unfortunately, 
was mostly nntntellLgible to the audience. 

Professor G. H. Williams presented some new facta proving the ser- 
pentine of Syracuse to be eruptive in origin. The evidences are: 1. It 
occurs as a dike cutting the Onondaga limestone, and slightly disturh- 
ingthe contiKUOusHtrata; 2. Itsinclusionsare.ia) limestone fragments, 
(b) dark or black shale, probably of the Utica shale, a thousand feet 
below, (c) granite or gneiss ; 3. The limestone inclosures are altered 
in zones parallel to the edges of the fragmenta. Diacuaaed by Kemp, 
who stated that similar evidences of eruptive action occur near Ithaca. 

Mr. I. C. Russell presented a paper on the "Surface Geology of 



Digitized byGOC^Ic 



Perional and ScientiHc News. 119 

Alaaks." He described the formation of the tundra and remarked the 
absence of residual clajre, and other evidences of rock decay, as also 
. the abeeace of glacial records along the Yukon and Porcupine rivers. 
No evidences of glaciation exist between tlie Yukon and the Arctic 
ocean. From the head waters of the Ynkon the movement of glaciers 
has been northward and southward. Incidentally he made a striking 
BUKgestion that the great mOHSy tundra if inundated would on the dii- 
eolution of its ice, leave a tliick vegetable deposit comparable with a 
bed of coal. Discussed by Shaler, Chamberlin, Newberry and LawHon. 

State geologist, Eilwanl Orton, read a paper on the "Origin of the 
roc If -pressure of Natural Gas in the Trenton limestone of Ohio and In- 
diana." He showed that the pressure decre apes westward, and adiiuc- 
ed convincing facts supporting the theory of hyroAtatic origin. The 
facte show the presaure to be directly proportional to the depression 
of the oil and gas bearing stratom beneath the level of lake Superior. 
Adverting to the queBlion of duration of the gas supply, he ezprepsed 
the positive conviction that it is destined to last hut few years. The 
paper was discussed by I. 0. White, Lawaou and McGee. 

Professor W. B. Clark read a paper "On the Tertiary Deposits of the 
Cape Fear river region." The post-Cretaceous erosion left an irregu- 
lar surface over wiiich the older Tertiary deposita were spread. Post- 
Eocene erosion approximately base-levfled this surface, leaving tbft 
early Tertiary sediments preserved in the deeper post-Cretaceoua de- 

fresaiims. Lpon this furfiice the Miocene strata were laid down, 
rom this history has resulted an intermingling of Cretaceoua end 
Eocene forms in several place.'', and even of (JretacFoua and Miocene 
types. 

Dr. A. C. Lawson, of Canada, read a "Note on the pre-Palseozoic 
Burfacf of the Archrean .terranes of Canada." He sliowe'i that along 
the northern limit oF tlie palieozojc rocks the surface of llie Archnjan 
wa.a, at the time of the deposition of the Cambrian, or earlier forma- 
tions, to a large extent, as liunimocky and worn an it is to-day. Hence 
the feature known as rorhn moulonnts cannon , as is ^lenerally supposed 
be due to conditions of the gheial epoch, except to a very limited 
extent. There has been liut slight reduction of tiie An-hifnn surface 
sinci! early paltcozoic time ; hat the previous denitdntion w:ts enormous. 
Discussed by Dr. Spencer. 

Mr. K. G. McConnell, of Canada, described the "Glacial features of 

Ssrts of the Y'akon and Mackenzie bnsiiis." Itead by J. li. Tyrrell of 
flnoda. The paper embraced notes on the Nil tin^ up of a southern arm 
of (ireat Slave lake, on the hight of erratics alonn the eastern flanks 
of the Rockv mountains, on the absence of howldcr-clay from the val- 
leys of the Porcupine and the Yukon, and on the former existence of a 
great lake at the confluence of these two streams. DiHcussed by Davis, 
Kussell and Gilbert. 

Mr. J. B, Tyrrellreadamomoiron"PoBt-Tertiary deposits of Manito- 
ba and adjoininj; territories of Canada." The area between the Ar- 
chiean nucleus in eastern Manitoba and the foot of the Itoeky moun- 
tains, has had in pre^ilacial times, a very irregular Kiirfuce. This waa 
planed by the continental glaciers — the irrepul aril leu liein^ often filled 
to great depth with the unatrntiHed till. The till or sround moraine, 
occupies the surface over larj-e districts, but isroverea in many placea 
by stratified sands, silts and gravels depoaited in the beds of larger or 
smaller fresh-water lakes. The author preHented evidences of a recur- 
rence of glacial conditions; and gave the positions of a number of lakes 
in which the subsequent glacial deposits were laid down. Discussed 
by Chan;iberlin, Shaler, McUee, Spencer and Tyrreli. 

A communication by professor G. F. 'Wright was read in abstract, in 
the author's absence, by professor C. H.Hitchcock. It was entitled 
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"A moraine of Retrocession in Ontario," anil it aimed to demonatrate 
the moraiiiic cliaraeter of thebellof loos« ("Artemisia") gravel extend- 
ing Irom Owen sound to Brantford, and thence strelcViing about mid- 
way between Ia1:es Ontario and tiimcoe. Tbe puper was briefly 
di ecu seed bv Dr. spencer. 

Mr. W. J. McGee presented a communication on "Tbe southern 
extension o[ the Appomattoic formation." This term was applied in 
1889 to a deposit of orange -colored sands and clays, with occasional in- 
tercalations of gravel, developed on and between the rivers of eaatem 
Virginia, and widening soiitbward. The writer had recently traced 
the formation, as the prevailing surface deposit, through the Parolinas, 
Georgia, Alabama, and Mississippi. It is a marine or brackish -water 
deposit, yielding no fossilH save fragmentary cones and bits of lignite. 
Much of the "Orange Sand" of Hilgard belongs here. It rests uncon- 
formably on tbe Grand Gulf strata and the fossil if erous Miocene of the 
Atlantic coast. It is overlaid by Pleistocene deposits. Kone of its 
fossils are cbarac I eristic. 

Mr. Charlen I). Walcott presented a commonication on "The value 
of tbe term 'Hudson Hiver group' in geologic nomenclature." Com- 
parison of the Hudson Kiver section with that in Lorraine, Jefferson 
county, N. Y., and the Cincinnati section in sonthern Ohio, proves 
that tbe essential palieontologic features of the Hudson River group, 
as originally defined, are presented in all. Discussed by president 

A paper was presented by professor H. M. Seely in behalf of himself 
and president Brainerd, entitled "The Calciferous formation in the 
Cbamplain valley." The result of the authors' studies made vast ad- 
ditions lo the thickness of the Calciterons, demonstrated tbeimaginary 
character of tlie so-cBlled "(Juebec group," and necessitated serious 
mod ill C.I lions of prevailiug views of that portion of Vermont. Discussed 
by Walcott and Hitchcock. 

Closely connected with this was the paper bv Mr. R. P. Whitfield 
on '"The Fort (.';issin rocks and their f anna," the tendency of wbicb 
was to airord paheontologic confirmation of the stratigraphic conclusions 
of the preceding paper. 

An abstract of a paper bv Mr. R. W. Klla, of Canada, was presented 
by Mr. Walcnlt, entitlcrl ■'■The Stratigraphy of the Quebec Group." 
From this it reunited liiat this group is by latest determinations, en- 
tirely eliminated fmm the science of geology. 

Pr'ofe.jsor H. S. IVillinms presented a communication on "The Cuhoi- 
des Zoue and its f.iuna — a discussion of methods of correlation." The 
author coiiclndod that the fuiina of the Tnlly limestone of New York is 

taxlali>-; thai (be reluti'ir 
thj bypothcMs (bar the fauna of the Tulty limestone is not a direct 
sequent of the underlying Hamilton fauna alone, but, in its charac- 
terisiic Bj>ecics shows e'vidi'nce "f community with European faunas to 
be explained by migrations. A comparison of all the related faunas at 
present known Wds to the concluxion that the Cuboides and Tully 
faunas are not only homota.\ial but relatively contemporaneous. Dis- 
cuasfd brieflvbyM'alc.rt. 

Professor tieo. H. Williams made a communication on "Geological 
and Petrographical observations in soutbern and western Norway." 
The regions studied in southern Norway »re areas of typical contact 
metamorpbiem, while those in western Norway have been subjected 
to extensive regional metamorpbisro. The two main pointH illustrated 
were (1.) The .similarity of ellects prodnceil in the same original mate- 
rial by the contact action of eruptive rocks and by orographic distur- 
bances. (2.) The power of orograpiiic forces [regional metamorphism) 
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to produce the same product from rocks originally the most diverae in 
oriein and Htructure. Illustrated by mapn, dia^nms and !>peeiiDene, 
both macniflcopic and microscopic. Ttie subject was diecuBsed by 
Newberry, Emerson, Lawson, Gilbert and G. H. WilliamH. Professor 
Emt-rsou slated that the so-called Munaon granite, extensively used 
for buildiiiK, everywhere contaiDS some pebbles. It stretches ncrosB 
the state of Massachusetts and wraps around the Archrean nuclei.' 

Mr. C. D. White read a paper on "Cretaceous plants from Martha's 
Vineyard." A verygood collection having been obtained, they seemed 
clearly to establish the Cretaceous age of the formation. Dr. Newberry 
thought them of nearly the same age as tlie plants of the Amboy clay, 
which are middle Cretaceous. Concurrent views were expressed by 
Ward, F. .1, H. Merrill and Heilprin. 

Mr. J. S. Diller made a commnnieation on "The Sandstone Dikes of 
the Forks of Coitonwood creek in Tehama and Shasta coimtiee, Cali- 
fornia," This was well illustrated by diagrams on a large screen. 
The dikes do not generally reach the surface. They are transversely 
bedded, and in other features of their mode of occurrance, not less 
than in tbeir petrographic character, differ from proper dikes. The 
antlioT suggested ihat the fissures were the result of seismic move- 
ments, and that the sand was squeezed in from below. 

Mr. A. 8. Biobmore, sunerintendent of the Museum, presented on 
the screen some " Illustrations of tlie glaciers in the Selkirk mountains 
and Alaska." These were maKniflcent and novel views. 

Dr. Alexander Winchcll presented a, condensed oral abstract of a 
memnir on "Some results of Arc hrean Studies." The district to which 
attention was chiefly directed wan northern Minnesota and contiguous 
legions in Canada, but he bronglit to bear on the discuHsion, the re- 
sults of studies in the original Huronian region of Canada, in Michi- 
gan and in Wisconsin. He recognized four Keries of older rocks in 
chronological succession. 1. The granitoid rorks. 2. The gneissoid 
rocks (only less a1t«red than the grnnitiiid). 3. The crvstalline schists 
(Vermilion series). 4. The semi-crj'Htaline schists (Kewatin series). 
6. The uncrj-stalline schists (Animike). The Archtean regions de- 
scribed are dividc<l into oval or elongated granitoid areas boundeil by 
quaquaversally dippin^^ schists of the various ages, Nvnclinalty folded 
along the belts separating the arena. Accomjianied by numerous il- 
luftrations. Discussed by Van Hise and A. Winchell. ' 

Professor C. H. Hitchcock made a communication on the "Signifi- 
cance of granitoid areas in the Laurentian," in which he described 
several occurrences in New England quite similar to those described 
from Minnesota and Canada, and Rcenied to convey the idea that these 
rocks presented only a case of greater or less di'grces of metamorphism. 
Professor G. H. Williams stated that the same facts produced an oppo- 
site imprension on his mind. The granites and gneisses seemed 



unquestionably erupti' 
Professor B. K. Kme 



1 made a communication on "Porpbyritic 
Granite," and Dr. Lawson one on "The internal relations and taxono- 
my of the Archfean of central Cannda." He recognised two great 
systems in the Archman, The Lower (or Laurentian) is compn>ied of 
plutonic, igneous nicks ; the Upper, iif indubitably norninl surface 
rocks, varionslv altered. The lower he regarded as of younger age. 

A memoir by'Sir William Dawson anil D,P,Pcnhallow,of Canada, was 
read in condensed abstract,"On the Pleistocene Flora of Canada," and 
Mr. W. Uphnm read a paper "On the fiords and great lake hntiins of 
North America considered as evidenctjs of prcglacial continental eleva- 
tions and iif depression during the glacial jieriod ;" and Dr. James 
Hall made a communication "On the getius .'^jiiri'/Vro and its inter- 
relations with the genera Sidri/trina, Syringolliyrxs, Cyrtia and CyHina. 
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This was a mere abstract, the purport of which was to shoii 

Btructural features, even those of generic importance, proceed 
incipieucy, along different af&liated lines to states of full develop] 
Tlie facts bended to show flrsl, the prevalence of variability anmn 
forma of the extinct world, and second, to demonstrate such inte 
tionships as imply a genetic evolution, 

Tlie last paper read was by Mr. F. J. H. Merrill, "On the met! 
phie rocks of sou tli eastern New York." 

The following papers, on suggestion of their authors, were rei 
title : 

On Glacial Phenomena In Canada. By Roliert Bell. Canada. 

■"— — -^glDofgla^■lalBandplBln8. ByWm. M. Davis, Cambrii 

Blructural features In t^~'~-' <-'" —' ' — - =—■— 



On certain peculiar Mructural features In the foot hill reKton of the Ei 
ilna near Uenver, Colorado. By Geo. 11. Eldrldge, WasbtnetOD. 
On therelatlonbetween the mineral composition and the geological oi 



Mie^lgDeoiiB rocks aC^Electrlc Peak and Sepulci 

ikoU. Br C. R. Vao Hlie, lit 

. of the Trlosiic traps of N'en- Jerser: with sDCClal refi 



e Watchuox mouptoiDS, 

Geology of the Boston basin. Br ' 
On ihu collection and prcBerrattni 



The geoliwy^ the Crazy moimtalns. MontaMi. By J. E. WoliT. Ciimbrldge. 
■'" " '— • Hhore-Ilnei and their hlntory. By K. J. H. Merrill, NewTft 



lOQg It! membei 



na of geological photographs by the_Am 



J. F. Kemp, Ithaca. N. 1 

Experiment! with cave air for cooUng and veotllatliig rooms. By U. H. C 
BowTlng Green, Ky. 

Oq aomc porphyries of the Plain of Mexico. By PerslforFrazer. Philadelpb 

On the Horned Dlnoaanrla of the Laramie. By E. D. Cope, Philadelphia. 

Oq pot-holes noitti of lake tjiiperior unconnected witb exlBling itream 
Peter McKdlat, Fort William, Oufarlo. 

The total nuinbtir of memoirs presented was 43. Of these 28 wen 
either in full or in abstraet. With a view to completing the busi 
a. meeting was held on Friday evening, and the last meeting wat 
longed from half-past four to six Saturday evening. The wea 
communications was an embarrassment to the Council. It had 
determined to allow full discussion on each and reporters 
on hand to record the diKcussions. The plan was iDipussibie of 
plete execution, tor two reasons : Many of tiie papers greatly 
ran the estimates of time made by their authors; andnotafew 
handed in (oo late to be announced among the abt^tracts pulilli 
Xhree days were therefore too short a time. Very many of the 
memoirs could only be read in abstract, and many others were 
read by title. It is expected, however, that all will appear i 
BULLKTiN. On future occasions it will perhaps be neceHj'ary to m( 
two sections, or to prolong the session so as to include the Sunda 
tween Christmas and Xew Year's day. 

It is evident that the success of the Society is greater than i 
have been an Lie i pitted. The scientific contributions have not 
been numerous, but the subject matter has generally been wei 
Several of the memoirs mark positive and consideralile advanc 
our knowledge of the geology of North America— from the gulf of 
ico to the Arctic ocean. In the work of the Society the Canadian 
ogists appear to be hearty ami unrestrained participants, ant 
sympathatic relation, it is to be hoped, affords as great satisfacti 
them as to the geologists on the south of the international bounda 

The work of printing tlie Bulletin is commenced, with W. F. M 
of Washington, as provisional editor. 

Tub two rkqular mkktinos of tub Boston Society of Nat 
HisToav on the evenings of Jan. 1st and 15th were occupied in a g 
al discussion of the climatic conditions of the glacial period, by 
r. W. Putnam, G. F. Wright, W. 0. Crosby, N. S. Shaler and W 



,v Google 



Personal and Scientiiie News. 123 

Dftvis, and MesBra. T. T. Bout^. Warren Upham, Frank Leverett, and 
oUtere. 

In opening the discuBsion Mr. TJphsm outlined the geologit^ proofs of 
the former exietence, wiihin the Quaternary era, of ice-sheetH on the 
northern half ol North America and un noTthweeti-rn Europe, ae shown 
by traneportation of drift and the formaiiim of terminal moraines. The 
maximum thickness of the ice-sheet of the northeast part of this conti- 
nent naa about two miles, according to D>tna, and iu British Columbia 
Dr. G. M, Dawson's observatioiis show that country to have been cov- 
ered by an ice-sheet n-hoae central portion whs a mile thick ; but the 
Bocky mountains had only local glaciers, which probablv became 
confluent with the ice-sheets on each side. Toward the northwest the 
extent of the ice has been defined by the explorations of Russell and 
McConni-11, who find thatsnuthem Alaska and the whole course ot the 
HacKenzie bear marks of glaciation, while these are absent along 
the Yukon excepting near iis sources. The climate moat favi^able for 
the accumulation of ice in such thickness upon ihe land would be dis- 
tinjiuished from the present by plentiful snowfall during mure of the 
year than now, the surplus aliove thenniount melted in summer being 
slowly gathered during thousands of } ears to form the ice-sheets. The 
departure of the ice and incoming of the present climatic conditions 
was rapid, as is inferred from the scanty erosion by wave-action and 
accompanying formation o/ small beach deposits on the shores of the 
Klacial lake Aga»siz, in cumparison with the high cliffs eroded Id till 
and the extensive resultant deposits of dune sand on the borders of 
lake Michigan. The latter have been in process o( formatinn during 
the whole post-glacial epoch, but its duration, as measured by the re- 
cession of Niagara and St. Anthony's fulls and by the present rate of the 
drifting of sand along the lake shore ut Chicago, seems to have been 
not more than 7,000 to 10.000 years. Lake Agaet-iz, canHed by the 
barrier of tbe receding ii'e-sheet, could not have existed so long as this ; 
and therefore the glacial retreat along the Red river valley and by 
lake Winnipeg to Hudson hay is known to have been geologically aud- 
den. It was, however, attended by tlie accumulation of numerous 
morainic belts which denote baits or stages of some re-advance, inter- 
rupting the (.'cneral recession of the ice. 

Professor Wright spoke of the (Juaternary lava outflows o£ California, 
Oregon, Washingti>n and Idaho, one of the lava sheets being penetrat- 
ed in thcu|iper part of the section overlying the Nampa image ; and 
he inquired whether tlie volcanic action may have been one of the 
causes of the amelioration of climate at the end of tbe ice age. 

Professor Putnam referred to the traces of man's preBcnce at the 
time of both the later and the earlier drift deposits of this country, 
and the contemporaneous existence of (he mammoth and mastodon 
daring the glacial period in the re^'ion south of the ice-sheet and their 
return northward when temperate conditions were restored. 

Mr. Leverett stated that the forest bed between deposits of till in 
Indiana and Illinoia proves an intert^tacial ejwch between the maxi- 
mum extension of the ice-sheet in the Mississippi busin and itq incur- 
sion when the moraines of that area were formed, the intervening 
recessions of tbe ice being to a distance at least two-hundred miles 
north of the outer moraine. The climatic conditions of the period are 
thus known to have swayed from aeveritv to mildness repeatedly. 

Professor Crosby gave some results of his recent investigations as to 
the state of mechanical division of the fine portions of the till and ita 
comparatively small ingredient of true clay. His inference is that the 
proportion of the drift supplied from preglacial rock-decay is much less 
than that derived from the bed-rocks by glacial erosion; and that the 
deeompoaition of the rocks there had been lesa profound than in the 
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Bouthera states, where a climate both humid and warm acta more effi- 
ciently, as pointed out by llusaell, to extend this change to consider- 
able depths. 

ProteBHor Shaler affirmed bis belief that no lowering of the mean 
temperature is needed lo cnuse the beginning of ice accumulation a, 
which he thinks would reeult from increase in the evapivration of mois- 
ture from the ocean and its transfer by Blorms spreading over the land. 
In any attempt to describe the glacial climate, account should be taken 
of the fact that the ice-slieet advani*ed, apparently by a forced march, 
to latitudes far south of tlie normal snow-plane, though the ice push- 
ed across the Ohio river at Cincinnati, no trace of local glaciers can be 
found on the mountains of North Carolina only about two-hundred 
miles distant to the south ; yet they rise more than 5,000 feet higher, 
and would be mainly above the jJane of perpetual show, provided this 
was represented by the ice-sheet. The final melting of the ice was 
greatly accelerated, according lo profefsor Shaler, by depression of the 
land tjelow its present level and the breaking up of the ice-sheet into 

He regards the great conglomerate formations nf earlier geologic 
eras, notrtbly the Carboniferous and Permian, as driftdevosits, prov- 
ing the general prevalence in so remote times of climatic conditions 
favoring glaciation. To this Mr. Bouv^ objected, ascribing the origin 
of conglomerates to wave action on sea shores and clilTs. often working 
over ro<:k material which liad become separated as boulders by subae- 
rial disintegration. 

Professor Davis considered the action of the great cvclonic storms, 
producing snow in the upper cloud strata, which in falling l>eneBth the 
thermal plane of 32° Fahri-nheit becomes rain. He thinks that to start 
a glacial epoch refrigeration of the portion of the year when the pre- 
cipitation now is rain would be necessary, keeping it eeneraliy during 
more montbs in the form of ruow until it reaches tiie ground. Dr. 
Croll'a theory seems inadequate to account for such climatic changes, 
and the restriction of large glaciated areas to the parts of the globe 
adjacent to the North Atlnntic ocesn suggests that the cati-es of ice 
accumulation were terrestrial instead of cosmic. But no satisfactory 
explanation of the origin of the glncial climate is yet found. Serious 
objections appear against the view recently urged by Upham with 
some modification from the opinions long before advanced by Lyell 
and Dana, thai the glat^iated areas became covered by enow and ice 
because of their being greatly uplifted for a geoh>gical short time as 
continental plateaus, giving cool clinuite througltout the year; and the 
suggestion of Oh:tml)erlin that the position of the earth's nris may 
have so changed hs to bring these areas within the Arctic circle, is per- 
haps not less difficult for our acceptance. 

Mit. A. S. TjI'-faxy, of Davkni'oht. Iowa, sends thf, fol- 
Lowi>fG RECORD of a dccp weil recently drilled at Dixon, Illi- 
nois. Tite well has a flow of 400 gallons of water per minute- 
Drift, 1-50 feet; Yellow nijignesian limestone, 40 feet; White 
sandstone, 410 feet ; Red argiilaeeousshaie.oO feet ; Red aren- 
aceous shale. 2.'> feet ; Asli colored shale, 22.') feet ; White sand- 
stone, 135 feet; Drab colored mngnesian lime.=tone, 1G5 feet; 
Dark gray sand, 100 feet; Iiifcht grav sand, loO feet; White 
sand, 300 feet. Total depth, 1750 feet. 

According to Prof. J. E. Todd a deep well is heing bored at 
Le Mars, Iowa, in pursuit of oil. The record of the boring has 
been neglectetl, the operators having no faith in "geological 
theories," hut full confidence in tlie "dictum of the drill." 
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Samples sent by Prof. Todd from a depth of 1400 feet are of a 
normal gray granite, and are said to fairly illustrate the rock 
below 1060 leet. The red quartzyte of the region seems to have 
been struck at about 900 feet, but was not firmly consolidated. 
The drill ia making good progress daily in eager pursuitof th« 
coveted oil, regardless of the fact that never was oil found in 
strata within ten thousand feet above the rock in which it is 
now at work, and at no place below it. 

The Georgia Legislature has made appbopriations for a 
geological survey, under Prof. J. \V. Spencer, of Athena. Work 
will begin in the summer. There will be two full aasistanta in 
the field. 

PiioF. RoBT. T. Hill has resigned the position of assistant 
professor of geology in the University of Texas. 

Prof. Tiiko. B. (..'omstock has eksigsed his position at the 
University of Illinois, and has been appointed by state geol- 
ogist Durable, an assistant on the Texas survey, having spec- 
ially in charge the region of central Texnp, embracing strata 
that are pre-Carbonifcrous, and including the supposed 
Archean of that state. Prof. Comstook has been in the field 
from June to Beccmlier and has made a very interesting lot 
of observations, illustrated by ample collections. 

A MEETiHG OF THE A.MEKicAN CoMMiTTKE of the International 
Congress of Geologists was held in the Park Avenue hotel, 
New York citv, on tljo evening of December 2(5, 188il, at 8 p. m. 
Prof James ETall in the chair. Present, James Hall, T. Sterry 
Hunt, C H. Hitchcock, K. J). Cope. H. S. Williams, J. J. Stev- 
enson, E. A. Smith, and Pcrsifor Krazer. 

A letter to Director Haucheeorne- relating to the distribution 
of the geological map of Kurnpe to tlie American subscribera 
was adopted and pig'iied l:y those present. 

Prof. Wm. B. Scott, MV. C. D. WaUott, and Dr. Roht. EeU 
were elected members of the committee to take the places re- 
spectively of Prof. G. H. Cook (deceased) ; Maj. J. W. Powell 
(resigned) ; and Sir J. William Dawson (resigned). 

Dr. Peraifor Frazer resigned the office of reporter of the 
Archean and Prof. C. II. Hitchcock was elected to that office. 
Mr. Walcott was elected a member of the eub-committec on the 
Lower- Paleozoic, and Dr. Roht. Bell of the Biih-committees on 
the Archean and the Quaternary, and reporter on the latter. 
Prof. Wm. B. Scott w.as elected a memberof the sub-committee 
on the Mesozoic and Cenozoic, and reporter for the former. 

Prof. H. S. Williams and J. J. Stovenwon resigned as report- 
ers respectively of the Devonic and the Carbonic, and Dr. J. S. 
Newberfy wa.i elected in place of both of them reporter on the 
Upper Paleozoic. 

Prof. W. B. Clark, Johns Hopkins University, was elected an 
associate member of the sub-committee on the Cenozoic. 
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Prof. C, H. Hitchcock was elected treasurer of the American 
Committee, vice Prof. H- 8. Williams resigned. 

It 13 Not generally k.vow-v that the largest gold mine in 
the world is in Alaska. It is lighted throughout by electricity 
and worked day and night. An offer of Bixtcen millions of 
dollars for this mine has been refused. 

During the past year over 7,UOU,000 gross tons of iron ore 
were mined in the lake Superior region. This is a gain of over 
two million tons over last year, and a corresponding increase 
in the output is expected for tlie year to come. The largest 
production from any single mine was from the Norrie in Wis- 
consin, and the second largest from the Minnesota mine at 
Tower, Minn. The combined production of these two mines 
was considerably over a million tons. 

The following ge.n'tlemen ha^e been appointed by the 
President as commissioners to test and examine the weight and 
fineness of the coins reserved at the several mints during the 
calendar year 18S9 : John P. Jones, Onit^-d States Senate ; E. 
H. Conger, House of Representatives ; H. L. Dodge, Snn Fran- 
cisco ; William A. Sackett, Saratoga Springs, N. Y. ; William 
Lilly, Mauch Chunk. Pa.; Prof. William W. Folwell, Univer- 
sity of Minnesota ; Francis A. Walker, president of the Massa- 
chusets Institute of Technology ; Daniel W, Fisher, president 
of Hanover College, Hanover, Ind.; Austin Blair, Jackson, 
Mich., Bvron Reed, Omaha; Thomjis Price. San Francisco; 
John Jay" Knox, New York; W. D.Wheeler, Montana; Prof. 
George F. Barker. Universitv of Pennsylvania; Prof T. C. 
Men.ienhall, Washington ; Eliot C- Jeweti. St. Lonis-. 

The production of gold and silver in ISSy was distributed as 
follows among the states and territories west of the Missouri 
river, according to Mr. J. Valentine, general manager of Wells, 
Fargn & Company, viz : California.*12,8J2.757 ; Nevada. ?11, 
eas.ftGl; Oregon. *7.S.5.3r>l ; Washington, *2I7.000; Alaska, 
JS45,OnO; Idaho. I17.3-14.fi00: Montana, ?31,726.923; Utah, *9,- 
830,013; Colorado, »2S,074,SS8; New Mexico. $3,937,677 ; Ari- 
zona, 1(5.803,027 ; Dakota. *3,407.177; West coast of Mexico, 
(bv steamer), $512,288; British Columbia, $442,164; Total, 
?127,G77,836. 

The separate production of each is as follows ; Gold, f 25.83), 
$32,974,643; Silver (.51.15). $0.5.316,107 ; Copper (11.59), $14,- 
793.763; Lead (11.43). $14,593,323. 

The commercial value at which the several metals named 
herein have been estimated, is; Silver, 94 cents per ounce. 
Copper, 10 cents per pound, and Lead, $3.80 per hundred 
pounds. 

For the year 1889 the export of gold from the United States 
exceeded the import by $49,661,101. 

Rustless Iron a Reality. — Says a Pittsburg paper of recent 
date: The rustless process, which has been until recently an 
experiment, has now demonstrated that great economy can be 
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used, not only in iron pipes, but in every article where iron is 
used. In the past year over 2,000,000 kettles have been etib- 
jectedto this process in Pitlaburgh, The method ia very pe- 
culiar. After the article ia made it is put into a furnace about 
3^ feet high, 15feet long, and 8 feet broad. The furnace is 
made in an oval shape, air tight. After the iron has been in 
the furnace for two hours, and it has attained almost a white 
heat, the air that comes throujih the refrigerators and air valves 
is shut securely off, and the furnace is made air-tight. After 
the air has been shut off the superheater which is located in 
the combustion chamber at the rear of the furnace, and at 
right angles from the air-valves, is opened, and the furnace is 
filled with steam and kcjit in this condition for eight hours. 
At short intervals a small valve is opened, so as to allow an 
exodus of steam in the furnace. When the articles have been 
ten hours in the furnace there has been accomplished the for- 
mation of magnetic oxide upon the iron surface. They are 
then put into an acid well, which is the last treatment. 

American Society of Civil ENfiiNEEiin. — This society has a 
total membership of 1335. The total receipts of the treasury 
for 18S9, including a balance on hand Jan. 1, 18S0, reached 
$39,799,91. The expenses for the same ve.ir were «:iH,875.46, 
leaving a balance on hand Jan. 1, 1S90. of $10,924.4.5. 

Consul Burke, of Bnhia, reports the discovery in that 
province of a mineral which has been called turfa or brazoUna, 
and which furnishes an oil akin to petroleum, a ]>jirafine suit- 
able for the manufacture of candles, and a good lubricating 
oil. It was originally discovered by an English clergyman 
named Wilson, but a company has recently been formed, 
which has bought the concession, and is now eng.Tged in the 
development of the property. Petroleum extracted from it haa 
already been placed on the market, and has been favorably 
received. 

AOCORDINO TO THE ENniNKERINfl AND MlNINfi JoURNAI- there 

is a notable falling offin the production of Pennsylvania pe- 
troleum compared with the consumjition. During past years 
there has been an accumulated surplus, which is now being 
exhausted at the rate of 20,000 or 30,000 barrels per day. that 
beine the excess over production. Prospecting for new oil 
territory in Pennsvlvania is verv active, there having been 
5,700 wells completed in 1SS9. against 1,700 in 1888. and 1,800 
in 1887. But the probability that there will be any permanent 
and considerable increase in the supply is slight. In this con- 
dition of the petroleum industry it ia plain that very shortly 
we shall reach an oil famine, when the use of the oil in certain 
cases will be a luxury instead of a necessity. This will be regulat- 
ed by a curtailment of the demand throuch increased cost, tend- 
ing to equalize the supply and demand. There has been a decline 
in the shipments of American petroleum to Great Britain dur- 
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ing the psBt four years ending 1888, asd an increase of Russian 
petroleum imported into that country. American imports 
to Great Britain have decreased from 1,367,720 barrels in 1885, 
to 1,286,148 barrels in 1838. Russian import increased, in the 
same period, from 70,149 barrels to 549,126 barrels. 

The gas exploration at -Freeborn, Minn., has been aban- 
doned. It was continued, after the first well had penetrated 
through the Trenton without finding gas, into much deeper 
strata, contrary to the advice of state geologist Winchell. 
Then a second well was begun near the former, and that was 
also carried down to the St. Peter sandstone. Still no certain 
evidences of gas were found below the depth of 75 feet, whence 
has issued all the time, in the drift, a small amount of burning 
gas. Every well that has been drilled within the Umits of 
Minnesota, in search of burning-gas, except the first one at 
Freeborn, has been done aRainst the advice of the state geolo- 
gist — about fifteen in number. Not one has produced gas nor 
petroleum. Yet there be men who will drill even in granite 
and gabbro rock in .^ieareb of gas, in confidence that "geolog- 
ical theories" are of no vahie. One false judgement by a geol- 
ogist weighs more against geologioiil evidence, in the opinion 
of the men who drill, than a thousand correct ones. 

Mr. Chas. a. ApniiUHNEit, WEU- known as a Pennsylvania 
GEOLOGIST, died Dec. liS, ISSSI. at Pittsburg, Pa., after a short 
illness. In a future number a suitable sketch of his Ufe and 
work will be given. 

AnTEtiiAN WELL WATEii-PoWEB. — At Kcokuk, Mr. J, C. 
HubingiT lias recentlv completed two artesian wells, one of 
935 feet and the other 1,805 feet deep. The two wells furnish 
1,300 gallons per minute. The two wells run two dynamos, 
for furnishing electric light for the city. The third well is 
being sunk to increase the power, The Kimball house well at 
a depth of 735 feet, fiows 600 gallons per minute. It is above 
low water mark in the Mississippi, 40 feet. This gives 192,000 
foot pound per minute, nearly six horse power. 

It is not at present known how high this walcrwouldascend. 
We will estimate thirty feet, and substract seven feet per aver- 
age on account of the rise of water in the river, wbicli gives an 
average fall of 63 feet. This year 302,-100 foot pounds per 
minute, more than a nine horse power, without coal, engineer 
or fireman. When the 8t. Peter's sand rock is perforated one 
hundred feet, which will bo when the well has attained a depth 
of about l,0r)0 fort, the How will he largely augumcnted and 
will attain an altitude in a stand pipe of nearly 100 feet. The 
expense of such a well will not much exceed $2,200. 

Thus, it may be seen, that we have a water power beneath 
our feet vastly che!»iier than steam and cheaper than water 
power from the river can be made available. — ^4. S. Tiffany, 
in the Davenport Tribiine. 
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ON THE DIKES NEAR KBNNEBUNKPORT, MAINE. 
Bf J. F. Kext, IlbacH, N. Y. 

The southern coast of Maine is very generally seamed with 
dikes. LoealitieB extending quite from the western to the 
eastern boundaries of the state are cited in Prof. Hitchcock's 
reports for 1861 and 1862. Only at Thomaston, however, 
which is abont the middle of the state's sea coast, and at 
Bald Clifl", which is in the extreme southwest, do the dikes 
receive more than passing mention, and in these places 
scarcely more than a paragraph. Dikes belonging to the 
same genera! series are known in New Hampshire in the neigh- 
borhood of Portsmouth, and are briefly referred to in the New 
Hampshire reports. But here, also, beyond the simple men- 
tion of their existence, little is said. This is not surprising, 
for without the use of the microscope little can be said of these 
dense black rocks, and at the date of the reports the use of 
the microscope in geological work was not general. 

In Massachusetts the eruptive rocks of the coast have 
received more attention, and, as dikes similar to those referre'l 
to above are known sometimes of great size, we have much 
more detailed descriptions of them. Prof. W. 0. Crosby 
mentions them in his Geology of Eastern Massachusetts ; 
Prof. Wadsworth has published some microscopical studies of 
them in the Proc. of the Boston Society of Natural History, 
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and Dr. Hobbe has gone into considerabl 
ly published paper in the Harvard bu 
Somerville Dike. 

It will be seen from this that there is considerable material 
for petrographical work in this region, and some interesting 
geological phenomena which have, as yet, scarcely been 
touched. In the present contribution it is the writer's pur- 
pose to show by the aid of the accompanying map, how 
abundant the dykes are in one limited area which he has 
worked up, and to give an idea of the detailed geology of a 
region by no means too well known.' 

Kenne bunk port is some twenty or twenty -five miles 
beyond the New Hampshire line. The coast is formed 
by bold, rocky headlands and cliffs, between which are found 
long stretches of white sandy beach. At the water's edge 
most excellent exposures are afforded, running sometimes a 
short distance back before the rocks are covered by vegeta- 
tion. They consist of very finely stratified quartzytes, slates 
and jaspery layers, with vertical dip and a somewhat 
variable strike, which is indicated on the map. At Kenne- 
bunkport it varies from N. 40 E. to N. 40 W., while fifteen 
miles south on the coast, at Bald Cliff, it is N. 75 to 80 E. 
The strata belong to the Merrimack group of the New Hamp- 
shire survey and are there assigned a position at the close of 
the Archean. These strata are undoubtedly old sedimentary 
beds, whose composition has varied from sandstones to 
shales, as we almost invariably find them in the undisturbed 
sedimentary series, as for instance, the Devonian above 
Ithaca. The sandstone layers are now changed to compact 
quartzytes, while the shales are of pronounced slaty structure. 
Sometimes the slaty cleavage runs obliquely across the bed, 
even when but a few inches thick and between two quartzyte 
layers, showing that the pressure causing it has not been quite 
normal to the bedding planes. 

Very generally above Ken nehunk port, great irregular masses 
or bosses of granite are found in these metamorphic rocks. 
They are quite coarsely crystalline, have no regularity of 
form and are often of considerable size. The granite also runs 
off at times into narrow dikes which extend considerable 

' The legend of the accompanying map does not allow for the reduc- 
tion of the origiual in the engraving. It should read )4 in. =150 jds. 
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distances. They are nevertheless well crystallized, and se 
to exhibit no amorphous structure, indicative of quick sol 
ification, whatsoever. Prof. Hitchcock refers the coast gr 
ite of Maine, when found in such eituations as this, to 
aqueo-igneous fusion of the sedimentary rocks, and it is, c 
eidering their surroundings, a very natural explanation. ' 
narrow dikes seem to indicate in instances a very compl 
fluidity and some injective action. No one could be seve: 
criticized, perhaps, for considering the parent masses e 
injected, but as the question is largely speculative, it is 
one on which demonstrated truth can be expected. Jud 
by the latest petrographic light, we must consider the grai 
to have cooled and crystallized slowly, doubtless under gi 
pressure, it being so perfectly holo-cry stall ine. 

Subsequently to the granite the 
8ALC ^C^ called trap dykes were intruded. Ti 

cut both the stratified rocks and 
granite indifferently, and sometii 
cross one another. From these 
' ' ersecttons Prof. Hitchcock has trn 
'' atBald Cliff three difTerentintrusi 
M in time, to quote his words,—'" 
J I eldest is a porphyritic trap develo 
' in very large dykes in the slates i 
' running N, 55 E, The second se 
/ of dikes cut across the porphyi 
dikes, and have frequently greatly 
placed them. These run norlheasti 
and are the most common of all 
dikes in Maine. The third series : 
brown scoriaceous trap cutting aci 
the common trap." Parallelisn 
" direction is cited as an indicatio 

unity of age, equally with sin- 
mineral composition. While this last may be true for I 
Cliff, it hardly holds at Kennebunkport, for while in the < 
of the dikes in the stratified rocks there is some parallel: 
when in the granite they run in all directions. Also in 
former case they branch, fork, and anastomose in great 
riety. My own observations at Blad Cliff conSnn I 
Hitchcock's three epochs and kinds of intrusion perfectly. 
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Ken nebunk port the evidence of three epochs from the m- 
terBection of the dikea is lees abandant. The porphyritic 
type,— Prof. Hitchcock's firstclaas, — is represented, but a case 
of faulting by the latter ones I can not cite. The second 
eeries are the ones most developed, and even here their 
general northeasterly direction can be remarked on the map. 
The third brown scoriaeeoua variety is also often seen and 
evidently faults the others. 

At Kennebunkport the dikes are not of great width, aver- 
aging generally five feet and less. Only one or two run as 
high as twenty. But their persistence for their small width is 
remarkable. One may be seen on the map to start from the 
point called Spouting Cave, and run along the east side of 
cape Arundel nearly half a mile, yet nowhere above eight or 
ten feet in width, and frequently less. It then runs under the 
water, and may go farther. Dikes not more than a foot wide 
frequently run several hundred feet, as on the eastern side of 
Damon's point, and small stringers but a few inches run forty 
or fifty feet and pinch out very gradually to a feather edge. It 
eeems remarkable that they were able to preserve their liquid- 
ity for any such distance, but it is easily noticeable macro- 
scopically, that where such is the case the dike ie very com- 
pact, well nigh glassy in structure. 

Sometimes a tendency is exhibited to separate into rude 
basaltic columns across the dike, but in general they are quite 
solid masses. Rarely spheroidal weathering is seen, chiefly 
in the dikes of the third epoch. They then break up into 
rounded masses, six inches and less in diameter, but alwaya 
in the middle part. In the larger dikea there are frequently 
to be seen Smaller dike-like masses running through them, ae 
if the yet molten interior had oozed through cracks in the 
outer hardened crust, as is frequently to be seen in our mod- 
ern lava flows from active volcanoes. 

The rocks will be treated in reference to their microsc.oplc 
structure in the order of their formation. The granites are the 
oldest. The rock occurs both as bosses or knobs and as dikea, 
which are undoubtedly off-shoots from the larger bosses, even 
when the connection is not visible. On the map, dikes 2, 9, 
16 and 28 are granite. They are about one or two feet wide, 
and often extend two or three hundred feet. They consist of 
quartz, microcline, orthoclase, plagioclase, and biotite, but the 
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last-named is very Bubordinate, and by no meanB as abundant 
as in the boBsea. The dikes are therefore relatively acidic ; 
and if that implies, as is doubtless true, that they were rel- 
atively fluid when molten, we can themoia readily understand 
the distance to which these narrow bodies have penetrated 
from the parent mass. The minerals afford nothing notable 
themielves. An occasional apatite inclusiou is about the 
only additional component that catches the eye. There is no 
glassy material whatever. The average crystals are from one 
to five m.m. But with them are to be seen larger crystals of 
orthoclase, as much as five c. m. in length by one c. m, broad, 
— which give the dike somewhat the aspect of a granite- 
porphyry. The phenomena cited above agree in ail essen- 
tials with those mentioned by Rosenbusch in describing granite 
dikes, (Mikros- Phys. vol. i. p. 279) and from this reference we 
may see that similar phenomena are known at KilUney in 
Ireland, and in the tin, district of Saxony. 

The granite dikes and the bosses not infrequently include 
in their mass fragments of the country rock. This consists of 
rather thin-bedded mica schist and quartzite, and the included 
fragments give us one of the surest indications of the intrusive 
character of the granite. The walls on the contact with the 
dikes and the included masses are very generally finely crys- 
talline aggregates of biotite and quartz. The individuals are 
only 1-20 mm. in breadth, by 1-5 mm. long, and lie with axes 
parallel to the contact, as if a great pressure had forced them 
to take such a position. They seem to correspond with the 
commonest contact minerals present on the edges of the 
Cortlandt series,' on the east side of the Hudson, and slides in 
the writer's possession from the contact schist on Stony Point 
on the west side, are very similar. 

On the eastern side of cape Arundel, near dikes 34 and 35, 
the schists have been much shattered and fissured. The cracks 
have been subsequently filled with vein matter which closely 
resembles a granite. It consists of quartz, orthoclase, silvery 
muscovite, and tourmaline. The resemblance to the small 
tin veins of Cornwall and Sajcony, Virgi nia and Maine,' is 

'C.T. Jackson, Proc. Boat. fioe. Nat. Hint, vol.'xii, p. 207. ISiid. 

T. S. Hunt, Inst. Min. Eng. vol. i, p. 373. 

TV, P. Blake. Mineral Resourcee, l«83-ft4, p. 597. The figure of the 
tin veins at 'Winslow, Me., given hy Blake oft p. 598 is a perfect repro- 
duction of the veins here, substituting tonnnaline for caBsiterite. 

' G. H. Williams, Am, Jour, ."ixxvi, p. 256. 
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striking, but a careful search failed to discover any casBiterite. 
These veins were undoubtedly occasioned by the active circu- 
lation due to the intrusion of the granite, accompanied per- 
haps by boracic and fluoric fumerole action. 

The remaining dikes are in most cases forms of the olivine- 
diahase type, but of a somewhat varying structure, owing in 
part at least to their varying width. They are most frequently 
holocrystalUne, yet porphyritic ones are also present, and the 
ground mass is somewhat glassy, I have selected as the type, 
the holocry stall ine form, and will consider the others as struc- 
tural deviations from it. This is shown in dikes 11, 13, 15, 17, 
19. 21, 22, 23, 24, 29, 30, 34, 35, 48, 51, 55, 56, 60, 61, 63, 67, 75, 
76, 77, 78, 80, 81, 82, 83, 86, 87, 89, 91. Of these 48 and 66 are 
the best. They consist of augite, plagioclase, olivine, and 
magnetite as essentials. With these is found very often (dikes 
11, 22,34,48,55,56, 60. 63, 81) brown basaltic hornblende, 
both as an undoubted idiomorphic component, and as an 
equally indubitable paramorph from the augite. Biotite was 
noted in but three, and then in a very subordinate capacity. 
Dike 91 alone contains any great amount. Pyrite also is 
present. 

The augite is of the usual rose tint, and resembles very 
closely the augite of certain New Jersey triassic diabases and 
the Carapton Falls olivine diabase of Hawes. No pleochroism 
could be detected. It shows the usual cleavages, but often in 
addition other partings parallel with the pinacoids. It occurs 
in two generations : the older and rather exceptional shows 
the eight-sided cross-section of coP, ooPco and coPco and is 1-2 
mm, across; the latter is moat frequently seen, and .appears 
as irregular masses, about 0.2-0.3 X 0. 5 m m., forming the 
largest part of the rock. Twinninig is rare, but sometimes is 
often repeated on the same crystal. In dike 75 twins were 
noted parallel with wPco and twenty differently oriented layers 
were counted within 0.5 m m. The augite frequently alters to 
a feebly pleochroic chlorite. 

The plagioclase is in the usual lath-shaped crystals of quite 
rregular outline, being in the more coarsely crystalline Speci- 
mens stocky and broad, — in the more finely crystalline, in 
'ery slender rods. It falls an easy prey to alteration, which 

.s often proceeded so far as to reduce the feldspar to a kaol- 
jized mass. Sometimes a dark green nucleus appears with- 
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in which high powers show to be made up of dusty material 
segregated there. (83) The olivine is in relatively large idio- 
morphic crystals, and is in size the largest of the rock com- 
ponents, running from 1-4 mm. A number of meaaorements 
indicated 2Pc6 and ooPoo as the most common faces in sec- 
tions. As a matter of course, it always shows strong begin- 
nings of alteration to serpentine, and more often than not, the 
serpentine atone remains. This alteration product affords at 
times the interference crosses of radial aggregates (No. 15). 
The last stage leaves a core of ealcite surrounded by a radiat- 
ing rim of serpentine. The olivine preceded all the others ex- 
cept the magnetite in formation. The magnetite is in grains, 
often showing octahedral outlines, and at times clearly titan- 
iferous. The most interesting of all is the hornblende. As 
noted above, it appears in not a few of the dikes. It is some- 
times idiomorphic, exhibiting oaP and ooPco with all the char- 
acteristic pleochroism usual to the brown basaltic variety. 
When this is present in abundance the dike approximates the 
typical camptonites very closely. Dike 22 could hardly be dis- 
tinguished in the slides from Hawee' oli vine-diabase from 
Campton Falls. Again the hornblende surrounds the augite, 
or is such a close part of it that a paramorphic origin from the 
augite is an irresistible conclusion. The widening applica- 
tion of microscopic study has shown this to be a not uncom- 
mon phenomenon, and in American dikes has it been noted by 
those mentioned below.' 

The porphyritic types of structure occur under two widely 
differing relations. The exceedingly narrow dikes, either 
those that taper out to an edge in the country rock, or those that 
have oozed into cracks in larger and partly cooled dikes, al- 
ways show aporphyritic structure, which is easily attributable 
to their quick cooling. But strangely enough, the broadest 
dike of all (92) and others of no inconsiderable width, are 
likewise porphyritic. The greater number must be classed as 
belonging to the melaphyre type {Nos. 10, 12, 32, 50, 66, 79, 84, 

'U. W. Ilawes, N. H. Surv. Vol. Ill, pp. 57-206, PI. VII, fig. 1. 

W. H. Hobbs, Bull. Mus. Comp. Zool., Vol. XV. Ko. 1. p. 10, Som- 
erville, Mass. 

A. C. LawBon, Proc. Can. Inst. Apr, 1888. Vol. 23, p. 173. Bainy 
Lake Kegion. 

E. IlawoFth, A>iBB. Gdologist, May and June, 18SS. Miesouri. 

In largerrock bodiea it is a well known association. See references 
in Hobba' paper. 
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88), white in a few the oliviDe Beeme to fail, and their charac- 
ters are more of the augite porphyritee (Nos. 33,90, 92). In 
one the basaltic hornblende is the moat notable of all the con- 
Btituents, and of itself the dike would be a hornblende porphy- 
rite {No. 25), such asin the writer's estimation would place it 
in tlie Beriee of typical camptonites. This is the most inter- 
esting, as showing here such a close parallel to the original 
camptonites of Hawes, at Livermore Falls, N. H. (Araer. 
Journ, Feb. 1879). There, as well as here, diabase and olivine 
diabase occur with the dioritic rock in parallel dikes, but 
while hornblende la there the rule, here it is the exception. 
Eosenbusch, in a review of Hawes' paper (Mikros. Phys. B. I. 
p. 333) groups all of the Carapton dikes under the one name 
Camptonite, considering the variations in mineral composition 
not sufficient to separate them sharply. While that is a just 
and fair view, the abundance of the small basaltic hornblende 
crystals in the Campton dykes, and in the various others 
which have come to light since,' should make its presence the 
chief diagnostic feature of a camptonite. The writer would 
not consider theie normal olivine diabases of Kennebunkport 
as true camptonites, but rather, that from some exceptional 
circumstances of composition or cooling, one or two of the 
dikes had crystallized as such and several had approximated 
it. 

The idiomorphic minerals of these porphyrites do not es- 
sentially differ from those described in the holocrystalline ex- 
amples. The ground mass in the very narrow forms is glassy 
but not very transparent, on account of multitudes of in- 
clusions. In the broader ones, and especially 92, the base is 
microerystalline, and mostly made up of very minute plagio- 
clflse rods. Such rods appearin all these latter dikes, often 
distributed through a relatively abundant ground-mass. The 
glassy structure is sometimes developed in the edges of dikes 
whose centre and largest part is holocrystalline. A slide from 
dike 27 exhibits the wall as a mass of quartz and pyrite, — then 
a porphyritic strip 5 mm,wide,-then a very finely crystalline in- 
terior. The borders are in each case sharply marked. This 
may be explained by the partial fusion and involution of the 
wall, 'and by quick cooling, bu t when dikes one and two feet 

'B. J. Harrington, Geol. Surv. Canada,— 1877-78, p. 439. 
J. F. Kemp, Amer. Jour. Apr, 1888. Amer. Naturalist, Aug. 1888; 
the same, and V, F. Maratera, Amer. Geol. Aug. 188!). 
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wide are holocryslalline, and another, forty feet, is porphyritio 
Bome other structural factor must have entered. In the por- 
phyrites, the olivine, when present, is the most striking min- 
eral. Its size, even in the very narrow glassy examples, is 
hardly lee than in the large dikes. Its crystallization must 
have occurred at a relatively early period, — and itself wae well 
developed while all the others except magnetite were still un- 
differentiated in the magma. 

On account of lack of opportunities and time, the chemical 
examination of these dikes has not kept pace with the micro- 
scopic, much to the writer's regret. One analysis of the large 
augite-prophyrite {No. 92.) has heen kindly made by Mr. H. 
A. Fhnt in the laboratories of the University, and is here ap- 
pended : 



LoBH on ijEnition 


0.S9 


0.68 


SiO: 


51.93 


51.72 


AlsOa 
FeaO. 


18.13) 
S.92f 


27.15 


CaO 


9.82 


9.95 


MgO 


5.30 


5.31 


Na=0 


4.34 


4.35 


KiO 


1.42 


1.46 



It would appear from this that the feldspar is probably an 
oligoclase. The rock is certainly more acidic than the general 
tun of the dikes. 

The writer was much assisted while in the field by Mr. Har- 
ris Kennedy, of Roxbury, Mass., and after he had been com- 
pelled to leave the region, Mr. Kennedy continued the work in 
some neighboring localities. The dikes are found on cape 
Porpoise, two miles north of the limits of the map, and at the 
mouth of York river, eight or ten miles south of Bald Cliff. 
The olivine-diabase at Lewiston, inland and to the north, the 
so-called black granite (determined to be olivine-diabase by 
G. P. Merrill,— 10th Census, Rep't on Building Stones, p. 24) 
at Addison point, away along the eastern coast, and the peri- 
dotite at Little Deer Isle, {G. P. Merrill, Amer. Jour. June, 
1888.) are other allied rocks which have already heen noted in 
the state. 

It appears that the commonest type of dike rock elsewhere 
noted, is an olivine diabase, or simply a diabase without oli- 
vine. Haworth' found such in the ArchEean of Missouri ; 
Hobbs,' the same in Massachusetts; Lawson,' in the Prov- 
inces north of Minnesota; Herrick* and others, at Michipico- 
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ten bay; G. F, Richards,' in South Carolina; and the writer 
in certain undeBcribed specimens from the AdirondackB. It 
seems as if Archiean dikes especially favored this mineialogi- 
cal aggregate. 



TABOLATION f. 



No. on 

Map. Width. CharacUr. 
2. 2' Granite. 

6. 1' Not determined. 

8. — Otivine-diabaee. 

9. 1 ■ Granile. 
Melaphyre. 

11. 10'-15' Olivine-diabaae, 
HobbB. 
Melaphyre. 
Olivine-diabaee. 
Included echist. 
Olivine -diabase. 



10. 



12. r- 



13. 

14. — 

15. 4' 

17. 2'- 4' 

18. 18" 



26. 8 '-10' Oli VI lie -diabase. 

28. — Granite. 

30. 8' OlivJne-diabase. 

32. Narrow. Melaphyre. 

33. " Notonmap— Augite- 
porphyrite. 

Olivine-diabaae, 

Hobb3. 

Kot determine!]. 



t. 10'-12' 



48. 



'-10' 



No. on 
Map Width. Character. 

50. 1 ' Melaphyre. 

51. 3' Olivine-diabase. 



i' and 30' Porphyritic, Xot 
determined. 
10' Not determined. 
' ' -10' Olivine-diabase, 

HobbB. 
20' 

Type-Hobbs. 
3' -12' Olivine-diabase, 

HobbB. 
2' Olivine-diabase. 
6' Xot determined. 
0' Olivine-diabaBC, 

Uobbs. 

!'- 4' Not determined 

1 ' Melaphyre. 

30' Olivine-dialiase. 

Sot determiiii'd. 

Olivine-disLas . 



ns. 6'- 8' 

75. 12'-15' 

76. 1'- 3' 

77. 2'- 3' 



92. 



Melaphyre. 
Olivine-diabane. 

"HobbB. 



Melaphyre. 

Olivine-diabase. 
Au g i te - po r n by rite . 
Olivine-diaoase. 
Augite>porphyrite. 



49. 3' Not determined. 

In the case of the Kennebunkport dikes, it is very remark- 
able that nowhere any very great parent mass shows itseif, for 
we would naturally regard these narrow dikes ae simple iiff" 
shoots from some large body at no great distance, which have 

'Haworth, Ambr. Geolooist, May, June, l^SS. 

'Hobbs, Bull. MuB. Comp. Zool. Vol. XVI, Xo. 1. 

'LawBon, Proc. Can. Inst. Apr. 18ti8. 

*Herric]i, Tight, and Jonee, Bull. Denlson Univ. Vol. II p. 119. 

'RichardB idem, Vol. lY, p. 5. 
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been intruded along lines of weakness, eracke, etc. If thej' 1 
come from great depthe, along so extended a coaet line, ai 
such narrow widths, it is certainly a striking phenome 
Or if there is a parent mass at no great depth, which, how< 
has in this same extended area failed in any greater amoui 
show itself, it is not lees striking. It may be that the pa 
mass, if there is one, is now covered by the sea. The pre 
ing northeasterly trend of the dikes is parallel to the ger 
axis of folding along tlie eastern coast, and they may si 
how be connected with it. Dr. Hobbs, in speaking ol 
Somerville dike further south, mentions that it (we may 
and pcrhajis these to the north) have some connections 
the extended intrusions of Triassic diabase, so frequent 1 
Nova Scotia to the Carolinas. The particular time and sc 
of the dikes, however, must with our present knowledge t 
most entirely a matter of speculation. 
Geological Laboratory, CornHl Univertlly, 



TRIASSIC TRAPS OP NOVA SCOTIA, WITH NOTES 
OTHER "INTRUSIVES" OF PICTOU AND ANTI- 
GONISH COUNTIES, N. S. 

By V. F. MARarsHB, Itbttf a, N. Y, 

Of the numerous trap ridges and knobs which occur in ] 
Scotia, perhaps the largest and most prominent is 
known as the North mountains, on the southeast of the 
of Fundy. This ridge, extending with two or three excep 
in a nearly unbroken line from cape Split on the northei 
Briar island on the southern extremity, rests upon Tri 
sandstones. It has a length approximating 120 miles a 
breadth, from the brow of the mountain to the water's 
varying from one to five miles. While cape Blomidon at 
an altitude of only 400 feet, the extreme bight of the ri 
which occurs in the section known as Marsters' mountai 
about 450 feet. The southeastern edge of the euperim[ 
trap is quite thin, but it attains a considerable thici 
toward the rock-bound coast as shown by the hight o 
jagged trappean cliffs along the shore. The dip is aboi 
15° W.' The outliers occurring in the bay of Fundy 
along the coast of Cumberland Co. are Partridge island, 
islands, cape Sharpe, and Haute island. All these, lit 
main deposit, overlie Triassic sandstone. The Triassic i 

' See Acadian Geolojfj-. 
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stone alao dips in the same direction and at the same an- 
gle. Hence it Tesults that the abrupt termination of the 
southeastern edge of the trappean area, gives a monocUnai 
form to the valley on the south of the mountain. The depth 
of the valley has undoubtedly been increased, by the erosion 
of the sandstones, a fact of which there is abundant evidence. 
This agent was probably the chief means in reducing also the 
thickness of the trap on the brow of the mountain. The sand- 
stone area, which is severed into two distinct parts hy the in- 
terruption of Minas basin and Avon river, extends on the 
southwest through Kings, AnnapoHe and Digby counties. In 
the eastern part of Horton township it overlies highly inclined 
and partially metamorphosed slates and shales of Carbonifer- 
ous age. The Carboniferous series is admirably exposed on 
the Avon river and is generally known as the "Horton Bluff" 
series.' The eastern part of the Triaesic area can be traced in 
irregular patches along the shores of Minas basin and Cobe- 
quid bay as far east as Onslow and Truro, where it was ob- 
served to rest unconformably upon limestones and shales ex- 
hibited in the hills of Osnlow and along North river. 
It attainsits greatest width (18 miles) in Kings county, and 
gradually decreases towards each extremity. 

The general geological features of this trappean ridge sug- 
gest that it was formed by a true submarine volcanic erup- 
tion. This conclusion is strengthened by the fact that the 
formation is composed of two definite layers, the lower strat- 
um being composed of scoria; and volcanic ashes, the upper 
stratum of much denser, firmer and often columnar trap, a 
phenomenon which is known to exist in almost all volcanic 
regions. 

In comparing this deposit with similar ones in the United 
States, I notice a striking resemblance between them. In one 
or two particulars, however, some different features occur 
which are worthy of note. The Triassic traps of the eastern 
states have received considerable attention from Prof. W. M. 
Davis, who considers all trappean deposits whose upper strat- 
um presents an amygdaloidal or vesicular structure as evi- 
dence of an "overflow," which has cooled without subjection 
to overlying pressure. Hence wherever the deposit has at- 
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tained a considerable thicknees, the lower psrt would necessar- 
ily become more compact and firm. Such conditions sug- 
gesting an "overflow" are reversed at cape Blomidon. The 
scoriaceouH vesicular material forms the lower stratum while 
the more dense varietv is superimposed. On the other hand 
if the ridge was a typical "intrusive" its metamorphosing ef- 
fect along the line of contact with the underlying sandstones 
would be more marked than was observed by the writer. 
These apparently reversed features, however, may prove on 
further ezamiuatioii to be only a local variation. 

Little substantial evidence can at present be found of a vol- 
canic vent, which, if it ever did exist, was subsequently worn 
away by the denuding forces of the Drift period. Yet the 
physical features of the deposit suggest that such may have 
existed contemporaneously with its formation. There is also 
at cape Blomidon some local evidence of the formation of its 
northern extremity by a limited overflow of an immense dyke 
extending from the vicinity of Amethyst beach, towards 
cape Split. 

This trappean mountain received the attention of geolo- 
gists as early as 1836 when we find it quite accurately de- 
scribed by Dr. Gesner in his "Geology and Mineralogy of 
Nova Scotia," and later (1868) much more fully treated by 
Sir William Dawson in his Acadian Geology.' 

The more compact columnar trap is light grey in color, of a 
somewhat gritty texture, and having a specific gravity of 2.93. 
The lower stratum consisting of volcanic ashes and scoriieis 
bronzy reddish-brown in color and full of small cavities in 
which are found minerals belonging mainly to the Zeolite 
group. Some of the most common ones occuring in this re- 
gion are. analeite, chabaziie, acadialite, natrolite, gtilbite, 
heulandite, apophyllite, prehnite, agate and amethyst- In fact 
cape Blomidon and its outliers have long been noted for the 
great variety and beauty of their mineral productions, as well 
as for the unique character of their scenery. The bold prom- 
ontory of "Blomidon" as seen from the classic "Hill of Aca- 
dia," is a scene not to be easily forgotten even by the most 
casual observer. 
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So far as the writer is acquainted no microBcopic descrip- 
tions of the Ttiaasic traps of the North mountains or of any 

of the intrusive rocks of Nova Scotia have been published. 

Although I find in the "Canadian Reports of Progress" nu- 
merous references to dykes, granitic bosses, and trappean 
areas, yet seldom more than a very general macroscopic de- 
scription, and occasionally only the location is given. Hence 
e:Ktended examination of this province would undoubtedly 
furnish much interesting material for microscopic investiga- 
tion. The writer therefore hopes that in the near future he 
may be able to make a closer study not only of theiTriassic 
traps but also of other known eruptive rocks in' this region. 

The trap, like all those from similar deposits in the United 
States, is a typical diabase. Under the microscope it proves 
to be composed chiefly of plagioclase with generally irregular 
and scattered masses of augite, magnetite, sometimes showing 
perfect octahedral forms but in the main massive, and a brown- 
ish mineral probably resulting from the decomposition of the 
augite. The plagioclase which presents little evidence of de- 
composition consists of lath-shaped crystals exhibiting very 
good cry 8 1 allograph ic terminations, They are almost uni- 
versally twinned but seldom exhibit marked zonal structure. 
These sections, approaching the zone of the axis of symmetry 
show a. decided fracturing aa ifsubjected to great pressure or 
some mechanical disturbance subsequent to the completion 
of their crystalline form. It makes up the most prominent 
component of the rock. Augite exhibits irregular small 
masses with brightly polarizing centers and muddy, dark- 
brown peripheries. The brownish product, which is of sec- 
ondary origin extends along the cracks so universally pres- 
ent in augite, presenting a net-like appearance. Whenever a 
crystal occurred sufficiently fresh and regular in form for 
orientation, it proved to be twinned on the orthopinacoid. 
Magnetite occurs for the greater part in irregular aggregates 
which may be of secondary origin, but not presenting a titan- 
iferous aspect. The perfect octahedra are undoubtedly pri- 
mary and were probably the first to form during the cooling 
of the fused mass. Compared with sections of Triassic traps 
fro m New Jersey, kindly l oaned me by P ro f. J. F. K emp.' I 
"~* The writer is highly indebted to Prof. J. F.~lCemp for many sug- 
geations and references to publislied matter dealing with similar for- 
■lU.S. 
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find a marked reBemblance both as regards the optical char- 
acteristicB of the individnal mitierala and the relative quanti- 
ties of each component. 

While making a hasty review of the "Report of ProgresB 
(1880) of the Canadian Geol. Survey" numerous references to 
intrusive rocks were noted in an article by Hugh Fletcher 
Esq. on the geology of the eastern counties of Nova Scotia. 
During a short visit to my native province I made a hasty 
trip over parts of Pictou and Antigonish counties, so well 
described by Mr. Fletcher, with the intention of finding a few 
of the "intrusives" referred to. Owing to the short time at 
my disposal I succeeded in finding but two eruptive masses. 

On Arisaig coast at the mouth of McAra's brook, was 
found amygdaloidal trap inter stratified with lower Carbonif- 
erous conglomerates, and at many places breaking through 
the bedding of the conglomerate in a very irregular and com- 
plicated manner. A short distance northeast of this point 
another trappean mass was found presenting similar condi- 
tions. The conglomerate is but slightly altered at the point 
of contact. So irregular was the mass that it was impossible 
to obtain any definite information concerning its dip or actual 
thickness. Whether^ the ejection of this rock was contem- 
poraneous with that of the numerous Triassic patches to the 
west, there does not at present appear any evidence ; but fur- 
ther examination may prove that such is the case. In its 
macroscopic characters the rock resembles very closely the 
vesicular traps of cape Blomidon. Its lower specific gravity, 
however, (2.748) proves it to be much less basic. 

Under the microscope the rock proved to be composed 
mainly of feldspar, with irregular patches ofaugiteand a whit- 
ish mass, a secondary product probably derived from the feld- 
spar. Thefeldapar which is probably plagioclaBe,is toomuch 
decomposed to show any very decided optical properties. Their 
typical lath-shaped or rod-like form, however, is fairly well 
exhibited. The augite is scattered through the rock-mass in 
small, irregular patches, presenting no crystalline form, but 
in a few cases sufficiently fresh, and presenting cleavage 
cracks, and optical properties sufficient for orientation. No 
magnetite was observed in any of the sections from this local- 
ity. While the rock is made up of the same mineral constit- 
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uentB as the diabase from "Blomidon" it does not preeent the 
same fades of the typical diabase as described above. 

The second eruptive mass referred to was found high up the 
west branch of Barney's river. The dike, so far as could be 
seen in the river bed has attained a width of some fifty or sixty 
feet. On either bank, however, it presents the appearance of 
an overBow. The greenish argillaceous slates in which the 
dike is situated are thought by Mr. Fletcher ' to be upper 
Clinton. At the point of contact with the dike the slates were 
considerably altered but so far as could be observed were not 
disturbed to any great degree. On account of the dense forest 
on either side of the stream I was unable to trace it beyond 
the banks of the picturesque gorge. 

A microscopic ex:amination proves the rock to be a feldspar 
porphyry containing also well developed crystals of augite 
and magnetite. The phenocrysts of plagioclase which are 
mainly idiomorphic are considerably altered, but not to such 
a degree as to obliterate under polarized light their twinning 
and apparently zonal structure. Much fine dust, probably 
magnetite, is included in the plagioclase in mnch larger quan- 
tities in the central part than in the periphery of the individ- 
ual crystal. The augite which is also idiom orphically devel- 
oped shows occasional corroding effects and nearly complete 
alteration to a brownish isomorphous product. The average 
size of the individual is about 2.-5 m.m, in length by 2m.m.in 
width. In one individual a peculiar instance of twinning 
apparently on the clino-pinacoid was exhibited, but 5uf[icient 
data could not be obtained to prove beyond doubt the accuracy 
of the above statement. In addition to the tine magnetic dust 
already mentioned there was also shown almost perfect 
octahedra a few of which were included within the pheno- 
crysts of augite. 

At present the writer is unable to connect this dike with 
any parent eruptive body. He is of the opinion that an 
extended search will prove that it, together with other numer- 
ous eruptive rocks described by Mr. Fletcher, may have some 
oonnectiOQ with a parent body which was the central point of 
eruptive and intrusive action. 

Geological Laboratory, Cornell University, Dee. 4th, 1889. 

* Report of progreu 1686. p. 46, P. Canad. Geo). Survey. 
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BATOCRINUS CALVINI. 
Description of a New Species of Burlington Crinoid. 

By R. B. Rowi.EV, CiirryvUle, Mo. 



Batocrinl's c.M.viNi. n. ap. 

Body depresaed,nearly twice aa broad asdeep; calyxes 
shape ; plates rather thick and those in the calyx Bmoott 
without anj' apparent convexity, while those in the vaull 
tubercuiatc ; basal plates elongate and without a rim, 1: 
merely excavated for the reception of the column. Ex« 
tion indicates a comparatively small round column; co 
nar perforation but little larger than a needle point. 

The long upper side of the basals support the first rj 
plates which are liexagonal, and once and a half as wi( 
deep. Second radials aniall, twice as broad as long, quae 
gular. Third radials, or primary bifurcating plates, p( 
gonal, twice aa wide as long and but little larger than 
second radials, supporting on their upper sloping aid 
quadrangular piece on the right and a pentagonal plat 
the left. Each of these latter pieces supports a large aec 
ary bifurcating plate, over three times as wide as long 
the largest piece in the ray except the first radial. The 
ondary bifurcating plates support on the left, above, a pi 
gonal and on the right a hexagonal piece, each of whici 
turn, supports an arm-bearing plate. 

First interradiale large, width and depth about equal, 
tagonal and nearly as large as the first radials. Abov 
first interradial is a much smaller hexagonal piece, abo 
long as wide. A minute plate lies to the right of the li 
division between these interradials. 

The first plate of the anal scries is quite aa large as the 
radials and, like them, is hexagonal and rests on the u 
side of a basal. A second hexagonal piece, two-third 
large as the first, rests upon the upper side of the li 
Width and depth about equal aa in the first anal plate. A 
the second anal piece is a long third piece, heptagonal in 
line and nearly twice as long as wide. Four other plat 
the anal area rest on the upper and lower lateral edges o 
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second anal piece and are but little smaller than that plate, 
being as long as wide and all hexagonal. 

Arm openings 18 in number and directed upward, 

The calyx meets the vault in a sharp rim. Vaalt or dome 
bat slightly convex, with plates strongly nodose, almost spi- 
niferous; base of anal tube strong; column and arms un- 
known ; width of body nearly one inch ; depth little more than 
half an inch. 

The peculiar depressed shape of the body of this crinoid, 
its smooth calyx and tubercuJate vault plates, sharp rim at 
the arm bases and the simple excavation for the column, read- 
ily distinguish it from any other already noticed Burlington 
Batocrinus. 

Described from two perfect bodies, found at the very base of 
the Lower Burlington limestone, at Louisiana, Mo. 

The specific name is given in honor of Prof. Samuel Calvin 
of the Iowa State University. 



THE TRAINING OF A GEOLOGIST,* 
B7 John c. BmAHNBR, Fb. D. 

The fitting of a young man for his work in life is worthy of 
our serious study and consideration, and while much that I 
may say is equally applicable to men in any calling, I can only 
undertake to speak of some of the demands that the times are 
placing upon geologists. 

It is to be expected, of course, that there are plenty of per- 
sons of intelligence in the world who have no conception what- 
ever of a geologist's duties, those who imagine that geology as a 
profession can be picked up just as the duties of certain civil 
olEces, or of clerical positions, may be readily learned and 
performed by any man of ordinary intelligence. Among the 
applications I have received for employment one man gave as 
a reason why he should be employed that lie was a consistent 
member of the Presbyterian church ; another that he was a 
graduate of a famous military school; another was interested 
in geology and had read many books upon the subject, among 
which he cited some of the vaporings of Ignatius Donnelly; 
still another used to be acquainted with professor Winchell, 
and another was in poor health and thought field work would 
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be good for hioi. At lea^t half of the applicants have asked 
for employmeDt because ibey understood ordiDaiy land enr- 
reyinz. and one of them admitted ttat he had do other quali- 
fica::on than that he was "a good hand to camp ont." 

The c-^r.eral academic training of a geologist during the first 
two or three Tear= of his ccllege cocrse is not essentially dif- 
fered from that of ar.r man o: coltore. I am not disposed to 
aide with those who think thjt \i a man is to be a specialist 
the sooner he begins his spe^:^I:T the better. In a general 
way this proposition is correct, bat in making such an admii- 
eion it must be difcinctiy acderstood that all things which 
tend to broaden a man's Sv^^holarship form essential parts of his 
sijecialiy. 

That a man f honM have a knowledge of history, philosophy, 
social science, and of literature in general g-^ea without saj^ng. 
Bat as bearing directly u|>on his professional career he should 
nnderstand. of the languages, at least the Latin, French and 
German. In matheniaiios he should hare the general instruc- 
tion re>|uire<i by civil and mining engineers, and should give 
especial attention to astronomy and geodesy. In chemistry 
the more thorough his training the botter, and beside the 
usnal work required of students of chemistry jn which especial 
attention should be given to inorganic chemistry, he should 
be a skilled mineralogist and should be well acquainted with 
metallurgical processes. In physics the student should give 
attention to optics, especially as employed in the construction 
of mathematical instruments ; to hydraulics and hydrostatics, 
to dynamics, and to hypsometry. 

I have sometimes thought that to be a good and successful 
geolr>gist one should first be a good civil engineer and 
then a good mechanical and mining engineer. This thought 
has been suggested to me by the fact that among the students 
I have had to train in geological work those from the engi- 
neering courses have, almost without exception, proven them- 
selves by far the best qualified. This is due to the fact that a 
large part of a field geologist's work consists in tracing out 
in the field, and the delineation upon maps and cross sections, 
of structural featares. In this work topographic features— 
the elements of horizontal and vertical distances — have to bi 
so constantly dealt with that unless the student has pretty 
thorough training as an engineer be will find the work very 
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tedious. I should make it . plain, however, in referring to the 
desirability of a geologist having an engineer's training, that 
1 do not mean to imply that an engineer can always step 
into geology and make a success of it, for it is only the very 
young engineer who can or will make the proper use of his 
technical training. As a rule the man who has been a prac- 
ticing engineer for a number of years is no longer sufficiently 
pliable in habits of work and thought to make a successful 
geologist. In geology various degrees of detail are required. 
Sometimes our measurements need to be made with a micro- 
meter, at others with a foot rule, while at other times an error 
of several feet is of no consequence, but a civil engineer who 
haa been accustomed to the degree of accuracy required in 
railway construction can not always bring himself to use now 
a less accurate method, and now another of great precision, 
just as circumstances may require. But whether the student 
receive the full training of a civil and mining engineer or not, 
he will need to acquaint himself with practical and theoretical 
land surveying. He should have practical knowledge of the 
various methods of doing topographic work and of map mak- 
ing. He should be a good draftsman ; he should be so trained 
in drawing that he can, if necessary, make his own drawings 
and sketches, and will know, at least, how to direct the work 
of others. Careful attention should be given to the fyepara- 
tion of rock slides and their microscopic study. In paleon- 
tology he should not only be instructed in the best methods 
of investigation in and the application of paleontology to 
geologic work, but he should also have a pretty thorough 
acquaintance with fossil forms and their range in the geologic 
column. 

I take it for granted that no one in this audience has any 
doubt in his mind about the necessity of laboratory work in 
training a naturalist, and I would not refer to this point at 
all were it not that within a couple or three months the faculty 
of a prominent educational institution in this country "after 
an exhaustive debate of three and one-half hours, decided by 
a vote of 6 to 5 that laboratory work in the scientific courses 
should not be abolished as requested by the professors of lan- 
guages." Of course one would as well try to teach ii student 
to swim without letting him go nigh the water, as to under- 
take to teach him natural history, cliemistry or physics with- 
out laboratory work. 
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Besides laboratory work there is perhaps no branch of n 

ural history which more emphatically demands field work 
its students than does geology. This la due largely to I 
fact that the little indoor or laboratory work the geologic 
atudent can do is directly and entirely dependent upon '. 
field work. Then, too, in other studies we can have and 
have our laboratories in which nearly all the student's obs 
vations are made. In botany and in zoology, in histolo; 
studies and in chemistry and physics, the materials may 
successfully studied in the laboratory, but the geologist, wh< 
studies are often valuable in proportion to the range of 1 
direct observations, can not take his stratigraphy and i 
topography into a laboratory. His laboratory, except in c 
tain parts of petrographic and biologic studies and in I 
office work on his maps, is out of doors. 

In its professional bearing the most essential part of a ge 
ogist's training should be to the end that he observe well, a 
that in his deductions he properly suhordinate his facts. I 
preliminary technical training should therefore be for I 
purpose of teaching him accuracy and detail. The ncceea 
of accuracy should be so deeply imprcasod upon his mindtl 
accuracy will become a part of his nature. After this less 
is learned he must be taught speed, without sacrificing in 1 
least his accuracy. 

I believe Dr. Chamberlin, president of the University 
Wisconsin, recently delivered an address before the Westi 
Society of Naturalists upon multiple working hypotheses, 
have not seen this address, but I can readily imagine that 
presented in detail the advantages of this method of scientific 
vestigation, in the use of which J am, myself, greatly Dr. Cha 
berlin's debtor. In my own experience I have found it of thegre 
est value and I know of no better way of developing the reas' 
ing powers or. of anticipating difficulties, or of reach! 
right conclusions than by the proper use of hypothef 
As the whole professional training of the geologist is for ; 
purpose of enabling him to reach correct conclusions, 
should be trained in the use of every method of investigati 
that will aid him, and among these aids I count as of gr 
importance that of multiple working hypotheses. 

Besides having a broad general culture, a geologist must 
par excellence a geologist, and besides being a geologist 
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ought to know more about Bome particular branch of geology 
thau aoyone else. The material progress of our times is due 
largely to the division of labor which enables each individual 
to perfect his skill. Progress in science is due in no snaall 
degree to a similar division in scientific work. Though I can ' 
not dispense with a knowledge of chemistry, specialization by 
my neighbor who devotes himself to chemistry relieves me of 
the necessity of devoting a large part of my time to chemistry ; 
the devotion of another to physics gives me my time for 
geologic work proper, which, withoutthc specialist in physics, 
I should be obliged to devote to physical studies. The 
astronomer hands me the results of his special inrestigationa 
and saves me my time for geology, which, without his help I 
should be obliged to give to astronomy. And so it is all 
around. On the other hand I trust that my attention to 
geology will, in its turn, come to the aid of the chemist, the 
physicist and the astronomer, 

la saying a word for specialties I am fully aware of all that 
has been urged against this kind of scholarship. President 
White of Cornell University said to me in a private conversa- 
tion a few yearjago, that he had his doubts and fears about 
the outcome of this modern tendency among ecientiilc men to 
specialization. Said he : "If this thing goes on, we shall have, 
after a while, a man who will know all about the stripes on a 
trilobite's tail, but he won't know anything else." It is very 
easy to ridicule a specialist, especially if the aims of his 
studies are not comprehended. Galvani studying the twitch- 
ing of a frog's legs, Darwin breeding pigeons, and Agassiz 
planting sticks on a glacier, are inspiring or ridiculous in 
proportion as we comprehend the bearing or end of their 
studies. Whether studying the twitching of a frog's legs or 
the stripes on a trilobite's tail is an unworthy and contempt- 
ible occupation for an intelligent man depends, therefore, 
upon the ultimate objects of the study. And in regard to 
special work by those who aspire to broad culture in science I 
can only repeat what I have always held upon this sub- 
ject: that a man who is incapable of doing and has not 
done special investigation is not capable of taking a broad 
view of science in any of its relations. Mr. Darwin has done 
some of the best generalizing of our age, but before he did it 
he had done some of the best of specializing, and that too on 
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such unpractical, uniDteresting and aseless animals as the 
barnacles. 

A lofty structure can not be built apon a narrow founda- 
tion, neither can a man be great in science who hasn't broad 
culture. And as only close attention to minor details in the 
material used can secure a great building against calamity, so 
care and skill in special investigations — in little things as it 
were — are essential to a great and broad-minded man of science. 

You will probably exclaim that the requirements of which 
I speak and which I find essential are entirely too many to 
be complied with ; that life is too short to allow one to under- 
take BO much purely preliminary work. It can not be dsnied 
that to become a good geologist is a serious undertaking, and 
all I have to reply is that this is the kind of geologist I have 
been seeking and am still seeking. How many have yoa 
found? you will ask. Not many, I must confess. Indeed 
men with such preparations are few, and when one finds them, 
he dose n't find them "looking for a job;" their services are 
always in demand. I may say, however, that it is not to be 
expected that the student should get all this training as 
undergraduate work. College men going into law, medicine 
and theology, if they get the technical training required by 
their professions, spend two or three years in law, medical or 
theological schools. The geologist must do what amounts to 
the same thing — that is, he must, beyond his general traioing, 
qualify himself specially for geologic work. When our geol- 
ogists are so trained we shall have a better science, better 
geologists and better results all round. 

The demands that are made upon a geologist require no 
particular kind of an intellect, save, of course, that it be a good 
one, but broad culture and broad mental grasp are essential to 
the pronounced success of anj- man in any calling. A man is 
wanted not to work up this or that deposit as it may occur in 
some limited area, or this or that formation, and much lees 
some county or other artificial area, but who, in work- 
ing up a topic, can and will take up the problem as a whole, 
and study it as a whole, not in one locality, but wherever it 
may be found in the world, who can work up the bibliography 
of his subject, and who can sift and put to good use the facts 
gathered by others in his deductions, and whose knowledge of 
allied sciences will enable him to draw proper conclusions 
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from hifi facts, while his knowledge of alfairs will render bis 
judgment upon economic questions of the greatest value. 

But it ia not my purpose to confine my remarks to the 
technical training of the geologist, but to refer also to certain 
general and ethical features of his work which call for a train- 
ing or fitness to which educators give too little attention. I 
hardly know whether any instructor ever troubles himself to 
impress hia students with the ordinary requirements of pro- 
fessional etiquette; I don't remember ever having heard the 
subject mentioned in a <laBS-room. We seem to have 
depended upon men's instincts as gentlemen for shaping their 
professional conduct. 

To be a successful geologist one must be a geologist very 
largely because he can't help it — because he can't keep out of 
it. I mean, of course, that the science must so fill the . 
demands of his mind, his temperament, and his health, that 
in any other occupation he feels that he is not where he can 
make the most of himself and of his energies. Such men will 
have that profeasiorial pride without which everyone is doomed 
to a fatal mediocrity. The man who goes into geology because 
there is money in it, will, in nine cases out of ten, make a total 
failure of it. To be sure a living must be had, but he who has 
the right training, and the right interest in his work, will 
never lack for lucrative employment for any considerable 
length of time. It may sometimes happen, however, that a 
geologist is without such employment for a while, but it 
should be distinctly understood that such times are not to be 
given over to demoralizing idleness. The world is too full of 
problems of scientific interest for any man having a scientific 
spirit to stand idle for a single day or a single hour, and no 
one having such a spirit will stand idle. 

In the balancing of the essentials and the non-essentials in 
the training of a geologist certain economic considerations 
have, almost without exception, to be faced. Those of us 
who devote ourselves to pure science are constantly being 
wearied with that most tiresome of all questions about the 
practical value of what a man reads about, thinks about, or 
does. So long as the young see around them examples of 
men who have become wealthy by the successful application 
of some law in science, by the invention or discovery of some- 
thing that people are witling to pay handsomely for, just bo 
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long shall we have these young men asking how this and that 
Btudy, thia and that bit of training are going to be of any v»e 
to them. As men who love science for its own sake, we get 
weary of such questions, and some of us feel driven, in order 
to emphasize our naralngs, to avoid the useful altogether. 
Thus we occasionally have, on the one hand, men who have a 
horror of doing anything that is liable to be of practical value, 
and on the other, men who have no patience with an investi- 
gation which docs not promise some tangible, material reward 
for their pains. My opinion is that there is little to choose 
between in these two types. One of them is just as far wrong 
as the other. 

There are many pitfalls in (he pathway of the geologist — 
many inducements for him to profit just a little too much by 
his experience. His duties are often of a very delicate nature. 
He is called upon to examine and report upon properties 
where large sums of money are involved, and where the infor- 
mation obtained in his professional work might be used by 
him for his personal advantage. The importance of a right 
way of thinking and acting in this connection is of the utmost 
importance, for if one does not conduct himself properly just 
here he is liable to gain a good share of the whole world "but 
to lose his own soul." I am reminded to quote the man who 
advised his son to avoid the appearance of evil : "Never mind 
the evil itself, but avoid the appearance of evil." This is, of 
course, a perversion of good advice. "Avoid the very appear- 
ance of evil and evil will avoid you," is good advise for the 
geologist, as well as for other folks. 

I may say briefly that a professional geologist, especially if 
he is in a public place, such as state geologist, or is in any 
way connected with a state or national survey, has no moral 
right to have a personal interest in any mining property, or in 
any other property a knowledge of the value of which might 
come to him through his knowledge of geology. Abstaining 
from such interests is a duty the geologist in public employ 
owes to himself as well as to the public, and the public has 
the right both to expect and to demand that its employes 
shall not walk off with the profits of its investments, just as a 
manufacturer has the right to demand that his employ^ shall 
not appropriate the articles they make. The geologist not in 
public employ who becomes personally interested in mining 
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operations, even when he does it in the frankest, most open, 
and most upright manner, and with no ideaof doing other- 
wise than as any citizen may honorably do, does nothing 
wrong in itself, but he must remember that he does 8o at the 
risk of his reputation and standing as a consulting geologist. 

The man who is not willing — does not try — to save his ener- 
gies, may be relied upon to not give the world the benefit of 
his best services. How often we see men who had an idea 
that there ia some virtue in doing a thing the hard way, who, 
when suggestions are made for the purpose of saving their 
energies, assure as that that is all right, that they'll get it 
done, and if their way is a littlo harder, they are the losers 
by it. 

A certain engineer has a three-sided scale in his drafting 
room. There are six different scales cut upon it. A person 
using this scale is liable in taking it up to turn the wrong 
division upon his linf, and, in order to avoid this risk, and to 
save the time and thought that must be used in watching to 
flee that one doesn't get the wrong side, a simplo piece of 
metal has been devised to clasp it in euch a way that it is 
impossible to use the wrong side. Some of his assistants 
remove this safety attachment, because they are not "used to 
it" and insist on running the risk of making mistakes and of 
using up the time they are paid to work, in examining their 
scale to see whether they have turned it over. Another man 
doing topographic work doesn't want to signal to hia assistant, 
preferring to call out his directions to him at long distances, 
often more than a quarter of a mile, so that at the end of the 
day he has done three-quarters of a day's work on the 
topography, and the other quarter in yelling — a bit of labor 
the geologist can not utilize. These mistakes are unpardon- 
able errors of judgment, and young men should be warned 
against such. If we spend our time and energy in unnecessary 
work we shall have just so much the less energy for the essen- 
tial. There may be some excuse for the man who isn'table to 
discriminate between the essential and the non-essential, but 
in such cases as those referred to, and indeed in the majority 
of cases that arise, there can be no such question. In hia 
methods the geologist must always be willing to profit by the 
experience of others. Methods and appliances of research 
are constantly being improved, but these improvements are 
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made, not by disregarding tbe experience of others, bat hj 
making every possible une of it. 

Tbere is sometimes a tendency among the newly fledged to 
imagine tbat tbose wbo have gone before them have not taken 
the greatest pains in tbeir work, tbat their conclosions bare 
not been warranted. They therefore begin with tbe idea that 
by the application of superior, or at any rate, new methods of 
investigation, they are going to apset everything done before 
they began. Such persons often succeed io making asses 
of themselves, and end their careers before they begin them — 
that is, they make careers impossible. 

I had occasion recently to go over the work of one of our 
older geologists — work done under the most adverse circum- 
stances. This work had but a short time before been 
very sharply criticised by an aspiring young geologist, and 
I was prepared to find either one of them right. I not only 
found the work of the older geologist ;well done, but I was 
astonished at the clearness of his perceptions and the general 
reliability of bis conclusions. The young man had committed 
a blunder from which his reputation can never recover. 

The necessity of caution on the part of the young geologist 
in publishing conclusions that one feels to be open to crit- 
icism, or when he sees that important facts may be overlooked, 
can not be too strongly emphasized. The publication of facts 
is generally most useful, but deductions can aflbrd to wait 
until they are properly matured. A most valuable piece of 
advice once given me was to the effect, that young people 
would better not begin pumping out of tbeir intellectual 
reservoirs before something has been pumped into them. Life 
is too short, and progress all along the line is too slow for as 
to cumber the march of science with verbose discussions 
which help toward strife and contention instead of towards 
truth and union. To be sure "ignorance is no reason with a 
fool for holding his tongue," but my advice is not intended 
for fools, who will befools in spite of everybody and every- 
thing, but for those who, having sound sense, desire not to 
appear fools or to bring discredit upon themselves or upon 
the science to which they are devoted. 

Science is not infrequently charged with vacillation. Apro- 
pos of this, one of our humorists has the following: "Science 
says — ^but no matter what science says, for the next time she 
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Bays anything she'll say just the opposite." We cannot deny 
the justice of the criticism, but this bad repute is to be at- 
tributed entirely to premature utterances, We have some sad 
examples in this country of poor geologists whose premature 
conclusions, drawn from too hasty or incomplete work, have 
kept half a dozen good geologists buay for years In correcting 
their mistakes and in putting the truth before the world. 
Their excursions into geologic fields are like the inroads of 
lawless and unclean animals that require a score of persons to 
clean up and put things straight after them. These buey- 
bodies have, almost without exception, an itching for noto- 
riety that leads them to seek some scientific short-cut by which 
to arrive at distinction, but if there is a balancing of accounts 
either here or hereafter, these men are destined to have a dis- 
tinction in the scientific world of quite another sort from that 
for which they are pining. They are usually men of good 
enough intentions,but, as one of my preceptors once reminded 
me: "we have a right to expect something more than good 
intentions of men." All people mean well; it is our busi- 
ness to do well. 

Sensationalism has done and is doing great injury not only 
to geology but to other branches of science. There are cer- 
tain features about every science that impress the ignorant 
with their novelty, and there are certain persons who are al- 
ways ready to make capital out of them. This gives rise to a 
sort of " O my !" class of men and to an "Omy!" kind of 
Bcience. They delight in the startling. None of the more 
radical theories of science, theories put forward by the right 
thinking with great caution, stagger them. Man's descending 
from a monkey never troubled them ; they always thought so, 
and can point out cases of descent that would make Mr. Dar- 
win or Mr. Wallace catch his breath. This skimming the sur- 
face, this dilettanteism is strong in our times. In the geolo- 
gist's training the less we have of the sensational the better it 
will be for the scieu.ce and for the man. 

It is not a pleasant thing to be obliged to destroy the delu- 
ions which people hold so lovingly close to their hearts, but 
le conscientious geologist has a good deal of this disenchant. 
og to do. And nobody even thanks him for it. The very 
Arsons he may hope to serve in telling them the truth, will, 
a all probability, never believe him and never forgive him. 
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But a geologist has to face a great matir disagreeable duties, 
and if he hasn't the moral courage to tell the plain, unvarniahed 
truth, and to take the consequences, when a white lie would 
smooth matters over all round, he will find his troubles in- 
creasing as time goes on. One lie, whether it is a white one or 
a black one, only makes room for two others, and the man who 
makes two lies grow where but one grew before deserves no 
good of mankind. 

Those who are at once workers in science and teachers of 
science know how difficult it sometimes is to draw a sharp 
line between what we know and what we simply believe, but 
as far as possible this distinction should always be kept before 
the minds of students, and no effort should be spared to pre- 
vent that dazzling of their minds which prevents them from 
weighing evidence and from distinguishing between simple 
truth and simple figments of the imagination. 

And now just a word about our responsibilities to our own 
intellects. Intellect is the tool with which the geologist has 
to do his work. If that tool is bent out of shape or dulled by 
improper use it cannot perform its functions properly. It is 
highly essential therefore that he keep his intellect unim- 
paired. He should strive to keep his mind free from those tricks 
of logic, rhetoric and sentiment by which so many of us allow 
ourselves to be imposed upon. Those of us who are natural- 
ists and investigators at heart, as well as by profession, are 
not satis&ed with declaring, like the humorist, that we ar« 
"open to conviction," while parenthetically we add, "but we'd 
just like to see the man who can convince us." We are bound 
by every sentiment of honesty to go where onr evidence leads 
us, whether it takes us to a pleasant place or not Truth 
must be our companion whether she be an agreeable or a dis- 
agreeable one— a handsome or an ugly one. We cannot hon- 
estly say to reason, " thus far shalt thou go, but no farther." 
We can't reasonably follow the science of geology to a certain 
point and then abandon it for the divining rod or spiritualis- 
tic seances or clap-trap appliances of any kind. The man who 
has no notion of accepting the results of his reasoning wot 
just as well not reason at all, while the man who undertak 
to reason within certain limits insults his intelligence. L 
honest men are seeking the truth ; and is it not our duty ■ 
help others in this search when we can? We may be eui 
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that if we wait till all the world thinks alike, the world will 
never care what we think. 

I have said that the profesBion of a geologist requires cer- 
tain proficiencies that are common to EUccegsful men in any 
and all occupations in life. Good judgment, clear insight, 
business habits of thought, and promptness of decision and 
action are as essential in geology as anywhere else, and it has 
often seemed to me to be even vastly more eo. It is not enough 
that one should plod faithfully ahead with a task — though faith- 
fnl plodding is not to be underestimated at all. The man who 
grasps a subject in all its bearings, takes hold of it with judg- 
ment and solves its problems with courage and logic is the one 
who really advances the cause of truth, the cause of science 
and the cause of humanity. 

Once upon a time a business house employed a young man 
whose energy and grasp of the business of the firm induced 
the head of the house to promote him more rapidly than an 
old and faithful employe. The old employe felt deeply hurt 
that this dapper young fellow, who parted his hair in the mid- 
dle and wore eye-glasses, should be advanced over him, and he 
took occasion to complain of it to the senior partner. The 
senior partner felt it to ho a case that he couldn't very well 
argue with so faithful and tried a servant. There happened 
to be a lot of wagons passing the door of their building at the 
moment, and, as if changing the topic for a minute, he asked 
the old clerk what was making all that noise. He went for- 
ward and returning told the partner that it was a lot of wagons 
going by. He then asked the clerk what the wagons were 
loaded with. He went out again and returned and reported 
that they carried wheat. He sent him again to know how 
many there were of them. He returned with the reply that 
there were 16. Again he sent him to ascertain whence they 
came, and he returned saj'ing they were from the city of Blank. 
The senior partner then asked the cierk to be seated, and send- 
. ing for the young man complained of said : "Will you see 
what the meaning is of that rumbling noise in front." The 
oung man replied : "It will not be necessary, for I have 
Iready ascertained. It is caused by some wagons — 36 in all — 
5 in this lot, but 20 more to pass to-morrow. They belong 
Pinto &. Rosa of the city of Blank and are loaded with 
tieat. They are on the way from Blank to Zee where the 
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supply of wheat is short, and is now fetching $1.15 a bushel, 
while it costs but 90 centfi at Blank. The wagons get 15 cents 
a bushel for hauling it, and each one carries 100 bushels." 
The young man was then dismissed and the senior partner 
turning to the old clerk said : "My friend, you see now why 
Mr. So-and-so has been promoted over you." 

This illustrates the demands, not of bueiness men alone, but 
of geologists, and of everyone who employs others, either 
directly or indirectly, or who associates others with himself in 
his work. We all want men who can not only do the very 
best and most comprehensive scientific work, but who com- 
prehend their duties in all their relations, meet emergencies 
with prompt and clear judgment, and save us and our ener- 
gies for other affairs. And we don't want to be obliged, in 
order to get out of a man what there is in him, to stand over 
him constantly and to direct his every effort. 

THE TRIASSIC FLORA OF RICHMOND, VIRGINIA. 

By Jules Mini^ou, Cnmliriilge, Mub. 

The publication of four papers, lately issued by Messrs. 
Fontaine, Zeiller, Stur and Newberry,' has brought back to 
my memory reminiscences and facts which may interest his- 
torically and critically those who may study more closely than 
has been done until now, the coal formation in the vicinity of 
Richmond and in general the whole Trias of North America. 

First period, 1834-1848.— In 1834 the learned Enghsh geol- 
ogist and mining engineer R. C. Taylor, an old pupil of the 
celebrated StrataSmith, the father of English geology, referred 
the coal series of Richmond — with some doubt however — to 
the old Coal Measures of the Carboniferous system of England 
and Wales. ( Trans- Oeol. Soc. Pennsylvania, vol. i, p. 275.) 

' ConlTibutiom to the knowledge of tlie older Meaoioic Jlora of Virginia, 
by 'William M. Fontaine, 4to, Washington, 1883, ieeued only in Feb- 
ruary, 1885, TJ. 8. Geol. Sur. Monographs vi. 

Stir, la prfaence, dam ie grh bigarri, dea vorgta, de I' AcTOtliehidet 
rkomhifoliua, Fontaine, par Beri£ Zeiller, Bulletin Soc. Geol. France, 
3e sfirie, vol. ivi, p. 693, Paria. 1888. 

Die La,riier-{Letlenkohlent)-Flora in den"OldeT Mesosoie bedt of tht 
c»al field of eatltrn Virginia," by Diomys Stur, separatabdruck der 
VerhandlungeD der k. k. geologiacheii Reicbsanstalt, No. 10, 1888, 
VieaDa. 

Fot$ilfithei and foiiil plants of Ike Tria*»icraektof New Jertey and the 
Connecticut valley, by John S. Newberry, 4to, Waabington, 1888, 
isBued in October, 1889. U. S. Geol. Snr. MoDogrsphs, iiv. 
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Dr. Newberry in hU review of "Geological equiralents of our 
Triftseic rooks," (J^oa.-CT(. p. 8) says: "A single one of the 
abundant fossil plants which occur in the Richmond coal 
basin would, however, have been sufficient to show the error of 
this opinion." This remark is unjust, and at the same time a 
gross exaggeration of what was then the status of our knowl- 
edge of palteophytology. No one was more anxious to make 
application of the test of organic remains, in determining the . 
age of the rocks than Taylor, "an original disciple of William 
Smith," as he calls himself in his very remarkable book. 
Statistics of Coal, p. 46, Philadelphia, 1848. Adolphe 
Brongniart, the true founder of palseophytology, in his 
VegHavx fossils, in course of publication, 1828-1837, had 
referred a fossil plant from Richmond to the Calamites 
suckovaii, a characteristic species of the Goal Measures of 
England, Wales and Pennsylvania, only he made a variety of 
it, and it was not until many years afterward that it was 
proved to be a new species and even a new genus, S'c^zsfineum 
Sehimper (iSflA-?'ia7iic(7«to(a),insteadof being only a variety of 
Calamites suckowii- Nuttal many years before, 1820, in the 
"Journal Acad. Nat. Sciences," Philadelphia, vol. ii, part i, 
p. 36 of his excellent paper. Observations on the geological 
structure of the valley ■of t/ie Mississippi, had recognized 
Zamia aTCycas,Equiseta and Scitaminem from the coal basin 
of Richmond, as well as remains of fossil fishes ; at a time when 
the significance of palceontological characters was in its infancy, 
and before the material possibility of appreciating it existed ; 
for we must remember that in 1816, when Nuttal made his 
observations round Richmond, we possessed neither of the 
fundamental works of Adolphe Brongniart,and Louis Agassiz, 
And if to-day it is easy, with a single plant of Richmond to 
show the error of the opinions expressed in 1834 by Taylor, it 
is due to the studies of two and even three generations of 
palceotophylogists. Even with ourpresent knowledge it is not 
always easy to determine with accuracy the age of a coal bed, 
with only one and even seven species of plants, as is amply 
proved by the "Jurassic florula" of Dr. Newberry, found by 
him at the Moquia Pueblo in 1858, which he referred first to 
the Jura, then to the Trias, and now passed over without any 
notice, in Mon. cit., as if it did not exist, showing plainly 
enough that Dr. Newberry does not know what to do with it 
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and that seven, not a single one, of the abundant fossil plants 
occurring in the coal of Moquis, do not suffice to Dr. Newberry 
himself, notwithstanding his stricture on Taylor's view. 

In 1843 William B. Rogers referred the "coal of eastern 
Virginia to a place in the Oolite system on the same general 
parallel with the Carboniferous beds of Whitby and Brora — 
that is, in the lower part of the Oolite group," { On the age of 
the coal rocks of eaetern Virginia, in "Trans. Assoc. Amer. 
Geologists," vo], i, p. 300, Boston, 1843). He based his views 
more especially on the Equiaetum columnare, Brong., 
ilanitipleria whitbiensis and some Zamites- 

Charles Lyell, in 1847, in a paper entitled : On the struc- 
ture and probable age of the coal Held of the James river near 
Riohjnond, Virginia. ("Quart. Jour. Geol. Soc. London," vol. 
Ill, p. 261) arrived at the same conclusion as William B. 
Rogers, adding: "If future researches should require any 
modification of this opinion, we may then expect that the 
Triae will be the group to which the American formation will 
be referable." Three fossil fishes collected by Lyell in Decem- 
ber, 1845, were referred by Agassiz to the age of the Lias, And 
C. J. F. Bunbury regarded the geological evidence afforded by 
the fossil plants as to a certain degree ambiguous. "On the 
whole," he says, "we may pay with 'tolerable confidence that 
the Richmond coal field belongs either to the Triaesic or to 
the Jurassic series." ("Quart. Jour. Geol. Soc. London," vol. 
m, p. 288). 

Henry D. Rogers, in 1848, read a paper before the British 
Association for the Advancement of Science, in which he 
maintained the Jurassic age of the Richmond coal field, re- 
ferring it to the Inferior Oolite and even to the Great Oolite. 

Professor Newberry in his "Geological equivalents" p. 9 of 
the Man. cit. says : "Profs. W. B. Rogers and H. D. Rogers 
■were led by the general resemblance of the ferns and cycads 
of the Richmond basin to those of the Lias of Whitby, 
England, to consider these rocks Liassic, that is, Lower Juras- 
sic," The whole is incorrect, for the coal of Whitby has never 
been considered as belonging to the Lias, and was not called 
Liassic by the brothers Rogers, who did not refer the rocks of 
the Richmond basin to the Lias, but to the Lower Oolite and 
even to the Great Oolite. 

Such was our knowledge of the age of the eastern Virgi;iia 
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coal field ia 1848. Taylor thought, with some doubt, tbatthejr 
belonged to the Coal Measures, in hie first paper of 1834, and 
in his Statistics of coal of 1848 he seema to adopt Lyell and 
B anbury's reference to the Jurassic aeries ; and the brothers 
Rogers and Lyell regarded them as the equivalent of the 
Lower Oolite coal of Whitby in Yorkshire, and Brora in 
Scotland. 

Second period, 1849-1882. — In April, 1849, 1 made a careful 
exploration of a part of the Richmond coal field, round the 
mines of Gowrie, Mid-lothian and Blackheath pits, collecting 
a great number of fossil plants, and a few fossil fishes. When 
there my impression was that the series of strata belonged to 
the Trias. The upper portion of the series, more especially on 
account of the great quantity Fquiaetum related to £^q. 
cotumnare and of a Calamitea related to Cat. arenaceus, re- 
minded me in the most striking way of the coal field of the 
Keuper of Franche-Comte, and of the Basel canton (Swit- 
zerland), and of the Schilfsandsteine (Reed-Kiane sandstone) 
of the vicinity of Stuttgart and Tiibingen, 

After my researches in the field, I visited at Philadelphia, 
in company with professor Louis Agassiz — who was then 
delivering a course of lectures there — Mr. Richard C. Taylor, 
who asked my opinion upon the age of the Richmond coal 
field, I said that it was Triasaic, and the upper part of the 
series of strata, just at the opening of the Mid-lothian coal 
pit, was certainly Keuperian. Taylor seemed to agree with 
me, saying that he had abandoned the idea that it was the 
Coal Measures ; but that it seemed to him older than the 
Whitby formation of Yorkshire, well known to him. Agaesiz 
was very sure that the fossil fishes belonged to forms indi- 
cating the Liassic age, but not more recent at all events. 

I wrote then a paper entitled : Note aur la homille du 
comte de Chesier^eld pris de Richmond,which yt&s puhltBhed 
in the "Bulletin Soc. Geo!. France," vol. vi, Juin, 1849, con- 
taining the following conclusions : "I am inclined to think 
that the coal formation of the vicinity of Richmond is older 
than the Lower Oolite, and belongs either to the Keuper or 
the Lias, with a greater probability in favor of the Lias, on 
account of the fossil fishes." 

' Aa a practical geologist, my opinion was that the coal for- 
mation of Richmond was theequivalent of tbeEuropean Trias. 
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But being a young man, and knowing the great leaning toward 
the complete uniformity of palie on to logical rules, which pre- 
vailed in geology since 1836, 1 reluctantly accepted, as a com- 
promise, the Lias age as the probable one. Having lived in 
the intimacy of Alcide d'Orbigny, Louis Agassiz, de Verneuil, 
aud de Koninck, all of whom then thought and professed 
that the same forms of fossils extended at the same time all 
over the world, disappeared all at the same moment, and were 
replaced directly by a special creation of new forms ; it was 
too much for me to oppose their views, although some facta 
had come already to my knowledge during my researches in 
the field in Europe and in America, which were contrary to 
that easy and sweeping doctrine; and it was not until 
Barrande had demonstrated the existence of colonies, and 
Deshayes had maintained with more proofs, his old opinion, 
that forms, and sometimes even species, pass from one group 
to another, and even from one system to another, that I had 
the courage to state my views and observations, without being^ 
influenced any more by the uniformist theory. 

In my Geological map of the United States and the British 
provinces of North America, with an explanatory text, etc., 
published in Boston, June, 1853, 1 represented the coal field of 
Richmond as Liassic. 

But during my exploration of the 35th parallel of latitude 
across the whole continent, I met the Trias and studied it on 
such a vast surface that I had no more hesitation ; and from 
that date, 1853-1854,1 have classified the coal series of Rich- 
mond with the Trias, as the equivalent and homotaxis of the 
European Keuper, {Risume of a geological reminiscence ex- 
tending from Napoleon at the junction of the Arkansas with 
the Mississippi to the JPuehlo de Los Angeles in California, 
House Documents, 129, pp. 40-48, Washington, 1855 ; and' 
Resume explicatif d'une carte geologique dea Mats- Unis, etc., 
in "Bulletin Soc. Geol. France," vol. xn, pp. 871-872, Mai, 
1855, Paris). 

About the same time Dr. E. Emmons was studying the coal 
series of North Carolina, and in his First Report of the 
geological survey of North Carolina, Raleigh, 1852, at p. 143, 
he says that the coal rocks of North Carolina ( Deep river coal) 
belong to the "Upper New Red sandstone," which is the 
Keuper. Misled by the erroneous clasBification of Murchisoa 
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for the Triaa and Dyaa of Russia, confounded and placed into 
a single system, under the name Permian, Emmons, at p.*159, 
{loc. ciY) inclines to adopt the view that "the coals of Deep and 
Dan rivers are Permian." 

I was not aware of the existence of that report until 1S60, 
when Dr. Emmons wrote me ffom Raleigh in November : "I 
sent the other day my report for 1852, which is eo shabby that 
I hated to send it to decent men," on account of bad printing. 

I took advantage of my stay in Ziirich to submit to my 
friend and colleague at the federal Polytechnic School, Oswald 
Heer, some of my specimens of fossil plants from Richmond 
and asked his opinion. Heer studied carefully a few — only 
three— of my specimens, and all the plates published by W. B. 
Rogers, Bunbury and Emmons; and his conclusions were 
that the coal flora of Richmond is contemporaneous with the 
flora of the Keuper of Wiirtemberg, Switzerland and Bavaria, 
agreeing entirely with my view published twice before in 1854 
and 1855 at Washington and in Paris. Heer wrote me an 
open letter on the subject, dated Zurich, July 25th, 1857, which 
I have published in my Geology of North America, at p. 16, 
4to, Zurich, 1858. Dr, Emmons, having asked me as a favor 
to send him a copy of that letter — before the issue of my book 
then already going through the press — I complied with his 
request, and he communicated it to hia old friend and prede- 
cessor at Williams college, professor C. Dewey. Without ask- 
ing my permission Dewey arranged with Mr. James D. Dana, 
a publication of that letter, using at the same time my own 
letter to Emmons, and the whole appeared in the "Amer. 
Jour. Sci." vol xxrv, p. 428, 1857, under the initials C. D,,with 
Additional remarks hy J. D. Dana. My name is struck out 
from the letter of Heer, addressed to me, and instead it is said 
that Heer examined professor Emmons' specimens from 
North Carolina and forwarded his conclusions to him, two 
errors absolutely inexcusable, for Messrs.' Dewey and Dana 
had in their hands, first, my tetter to Emmons, from which 
they made quotations, and second, the copy of the letter from 
Heer to me, with my address on it. 

Dr. Emmons wrote me, Oct. 24, 1857, from Raleigh : "I 
have been extremely gratified at what has ultimately taken 
place (in regard to Lyell accepting the age of the Richmond 
coal field as Keuper), and which yourself and professor Heer 
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have been instrumental in bringing about. It will do much 
to settle our geology on a true basis." In another letter, 
dated Albany, August 29, 1860 : "It eeem? something wrong 
took place in the publication of professor Heer's letter to you 
in Sillman'a Journal. I thought that professor Dewey would 
state exactly how that letter came into my hands, for I gave 
him your letter also". Finally in another letter dated March 
12, 1859, Dr. Emmons says : "I am much obliged to you for 
your work on the Geology of North America. It was of great 
service to me as I availed myself of all the kind expressions 
relative to me. It saved, I think, the survey of North Car- 
olina from going by the board, • • • * ghall we, in 
this country, have the fortune to be reinforced by your 
future residence here? We are sadly off for men of the true 
stamp. I have heard professor Henry express his regrets at 
what has taken place here in regard to yourself, who I know 
entertains for you the highest respect." 

In r^sum^, in 1849, when on the field near Richmond, I 
parallelized the coal beds there, with the Keuperian coal of 
eastern France, Switzerland and Wiirtemberg; regarding the 
upper part of the series of Richmond as the equivalent and 
homotaxis of the whole Kouper or Upper Trias. After my 
two notices of 1849 and 1853, in which I hesitated to refer 
those rocks to the Keuper or the Lias, on account of fossil 
fishes considered as Liassic by Agassiz, I took a definite con- 
clusion in 1854, after my return from my exploration by the 
35th parallel of latitude, and placed them as the upper part of 
the Trias, or American Kouper of the Atlantic states. 

Without knowing my researches, nor publications. Dr. 
Emmons, first in 1852, and afterward in 1857, came to the 
same conclusion, referring the coal formation of Richmond 
and North Carolina to the Dyas and Trias. He found two 
series of strata, the Chatham series and the coal of Dan river, 
6,000 feet of thickness in North Carolina, containing fossil 
animals and plants indicating great lacustrine and brackish 
water deposits, analogous and of the same age as the upper 
Dyas and the whole Trias of Germany, England, France and 
Russia. 

In comparing our publications in 1860, we agreed on the age 
of the series of strata of the coal formations of the vicinity of 
Richmond and North Carolina, regarding them as the equiva- 
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lent of the whole Trias of Europe, and the uppei part of the 
Dyaa at least, perhaps the whole Dyas. Emmone and I 
walked hand in hand on that question, as we shortly after 
harmonized entirely on the primordial fauna and the Taconic 
question. The disappearance and death of my friend Emmons, 
during the great civil war, has left me alone to maintain oor 
views and observations. I have done all that was in my 
limited power to sustain the correctness of our observatioiiB, 
and have tried to give an exact chronological order of Amer- 
ican stratigraphy, a primary want, without which all is confu- 
sion and chaotic. To be sure I have also tried to have our 
right of priority on all difBcuH questions on which we have 
made most important discoveries, recognized ; and so far I am 
satisfied of the great progress made since 1885. Emmons' 
great discovery of the Taconic system.of the Primordial fauna, 
of the Trias of North Carolina and of the upper Dyas (Chat- 
ham series) are in a fair way of being accepted and used by 
the majority of geologists. As to my own discoveries, I feel 
sure also that they will be, in time, admitted and referred 
rightly; for after all, truth and honesty get always the upper 
hand, notwithstanding all opposition and unfair dealing of 
not over scrupulous adversaries. 

To that second period belong the two editions of my Geolog- 
ical map of the world, 1861 and 1875, in which I have colored 
the coal basins of Richmond and North Carolina as belonging 
to the New Red sandstone (Dyas and Trias) epoch; and in 
my Explication d'une second edition de la carte geologique 
de la Terre, Zurich, 1875, 4to, pp. 43-49, I have maintained 
the age of the Dyas and Trias, as observed and determined by 
Emmons, Hecr and myself. 

THian PFJtioiJ, 1 883- 1889.— Lately the United States Geolog- 
ical Survey has issued two monographs by Messrs. W. M. 
Fontaine and J. S. Newberry, on the coal series of the vicinity 
of Richmond, which so far as practical geology and American 
classification are concerned, are a step backward and in a 
wrong direction. 

Professor Fontaine's memoir is entitled ; Older Mesozoic 
flora of Virginia, Washington, 4to, 1SS3, only issued in Feb- 
ruary, 1885 ; forty-two plants from Virginia are described and 
6gured. Probably the original drawings were good, hut the 
plates are poorly executed, and on the whole the illustrations 
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of that Virginian flora do not render justice to the beautiful 
epecimena of those fossil plants. The descriptions are gen- 
erally good ; onlj the reference to species and even to genera 
may be improved, as has been shown by professor Zeiller of 
the School of Mines, of Paris, and by Mr. D. Stur, the director 
of the geological survey of Austro- Hungary. 

The paper of director Stur (toe. cit.) is a very important 
and just review and criticism of professor Fontaine's mono- 
graph. Without entering into details, I shall only remark, 
that to my great satisfaction, director Stur refers the very 
common Equisetum of Virginia to the Eq.arenaceum of the 
vicinity of Stuttgart, as I did in 1849; and also the very 
abundant and charactewstic Calami'tea to Cal. meriani of 
the Swiss Keuper. According to Mr. Stur's careful determi- 
nation of the specimena of Virginia put into his hands by the 
director of the United States geological survey, several of the 
_ species named by profeesor Fontaine pass into synonymy, 
having been described by Brongniart, Jaeger, Kurr, Heer and 
Stur. From the tables published by Messrs. Fontaine and 
Stur, showing the names of the Virginia plants and their 
affinities, it is certain that we have there a Keuper flora, well 
characterized, representing and the equivalent of the Letten- 
kohl 6ora of Lunz and Raibl. As the plants in Virginia range 
and are distributed all over the one thousand feet thickness 
of the upper strata, being more concentrated, however, at 
about seven hundred feet below the superior sandstone, just 
as in southern Tyrol, we can say, without the least doubt, that 
the coal fields of eastern Virginia are the equivalent of the 
whole Keuper of Europe, and that the flora represents the 
flora of the Lettenkohi of Germany, as Emmons said as far 
back as 1S52, using exactly the same name of Lettenkohi in 
his first report of the geological survey of North Carolina. 
Professor Fontaine thinks the Virginia flora is not older than 
Rbietic. That is to say, that the coal series of Richmond 
belong and are the equivalent of the Rhaitic formation of 
Europe. The Rhietic is simply the "Aviciila contorta zone," 
or Infra-Lias, or third division of my superior stage of the 
Keuper of the "Jura Salinoia ;" the color and uppermost type 
of the Trias; an extremely limited subdivision of the fifth 
order, whose average thickness in central Europe is only 
twenty to thirty feet, while in Virginia and North Carolina the 
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series of strata forming the coal field are four or five thousand 
feet thick ; that is to say, a formation of the first order or 
system, with fossil plants and fossil animals scattered at 
difierent elevations, helonging to forms which in Europe 
range from the Dyas to the Rhietic. Such a narrow inter- 
pretation of palEeophytology, according to proportion of a few 
species — even not very reliable as to their exact determina- 
tion and affinity — if accepted in classification will nullify 
practical geology and stratigraphic researches. For, then, our 
table of classification and nomenclature will have to depend 
only on the present status of a certain class of palffiontologiGts, 
and of fossil-finders in some places, only imperfectly explored. 
Twenty-five feet of a standard typical sub-group of western 
Europe can not be extended into five thousand feet in another 
part of the world, with the suppression at the same time of all 
the rest of the system in which the small sub-group of twenty- 
five feet is enclosed. For auch is the true meaning of profes- 
sor Fontaine's classification in referring the five thousand feet 
of all the older Mesozoic strata of Virginia and North Carolina 
to the Rhietic only, and not to the whole Trias, With such 
principles comparative stratigraphy between Europe and 
other parts of the world will be absolutely useless. In fact it 
will be the abandonment of all the rules used in geology, and 
with which that Hcience has been built up from the days of 
Werner, Smith, Brongniart.tothoseof Berrande and Emmons. 

In his monograph professor Foniaine has given almost 
verbatim the descriptions of Emmons' coal plants of North 
Carolina, from page 97 to page 128; reproducing also all 
Emmons' figures, copied from American geology, Part vi. 
He accepts forty species of Emmons and concludes, even with 
more force than for Virginia, that the flora of North Carolina 
"can not be older than Rhfetic;" adding: "We are then, I 
think, entitled to consider that the older Mesozoic flora of 
North Carolina and Virginia is most probably Rhietic in age, 
and certainly not older. Some authors hold that the Rhtetic 
beds form the uppermost of the Triaasic strata. Others think 
that they are transition beds, having more affinity with the 
Lower Lias. The latter view will, I think, be justified by a 
study of the flora, and I have, in this memoir, assumed its 
correctness. {Loc. cit. p. 128.) 

It is simply an attempt to return, as far as it is possible to 
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do, without nullifying almost all the palseophytologic 
ters, to the Jurassic opinion expressed by William B. 
and defended by Henry D. Rogers and James Hall.* Tb€ 
by professor Zeiller and director Stur sufficiently rej 
move backward toward an error given ■ up, by Lyel 
back as 1857, when on a visit to me at Ziirich. ( Oeo 
North America, etc. p. 16.) 

The monograph of Dr. Newberry entitled: F'osB^ 
and fossilplants of the Triaisio rocks of Now Jersey ■ 
Connecticut valley, 4to, Washington, 1888, received 
November, 1889. although confined in the title to Com 
and New Jersey, treats also in a special chapter, "Gei 
sketch," of the age of the coal beds of Richmond am 
Carolina. As it was to be expected, Dr. Newberry 
enforce as much as he can the conclusionB and reseat 
professor Fontaine, and at the same time to dimin 
value of the researches and conclusions arrlvedat by E 
and myself. However, he goes too far when he says : 
figures and descriptions of the remains of both plai 
animals were also published by Prof. Ebenezer Emc 
his geological report of the midland counties of Noi 
olina in 1356, but, though deservedly eminent as a ge 
professor Emmons had little acquaintance with palwoi 
and this contribution rather increased than satisfied th 
for more thorough knowledge of the life of the Atlant 
in Mesozoic times. No systematic collection nor tl 
study of the fauna or flora of the formation as a wh 
attempted until about 1880, when Prof. W.M. Fontaim 
University of Virginia, began a careful review of tl 
plants of the Virginia and North Carolina Mesozoic coal 
His results were published in a memoir on "Th 
Mesozoic flora of Virginia, which was issued in 1883 
ume 4 of the monographs of the V. B. geological surve; 
threw a flood of light upon the vegetation of the - 
coast in the Mesozoic ages and establiehed beyond q 
the parallelism of our New Red sandstone with the Ke 
Europe ; a matter which has been much debated witl 



ton, l^M, p. 2U0. The paper was not printed and has rem 
manuBcript to this day, which is very regtetable, for in i( » 
have found a "flood of light." 
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what diBCordant conclusions, by Hitchcock, the brothers 
Rogers, Lyell, Mareou and Emmons." {Loo- cit. pp. xi and 

XII.) 

First, Dr. Newberry thinks that "professor Emmons had 
little acquaintance with palceontology," the most extraordi- 
narily incorrect statement ever made against numerous and 
plain facts. I shall only say that Emmons created the Prim- 
ordial fauna, as a special fauna, in which all his determina- 
tions and descriptions of species and genera are good and 
recognized as such by the two beat palteontologic experts for 
paleeozoic animals, Joachinn Barrande and J.W. Salter; while 
all his adversaries, even to this day, have blundered con- 
stantly and made the most glaring and unexcusable mistakes 
in their attempt at determining Taconic fossils. Dr. Emmons' 
description of the oldest mammalia yet found in the world, 
the Dromatherium sylveatre, used and accepted by all palieon- 
tologists, is another instance of his great acquaintance and 
thorough knowledge of palEeontology. Finally his deecrip* 
tion of fossil plants of North Carolina, copied verbatim by 
professor Fontaine, and quoted by all palieophytologists in 
the world, have inscribed forever Dr. Emmons' name among 
the pioneers and good describers of fossil plants. 

Second, to say that "no systematic collection nor thorough 
study of the fauna or flora of the formation as a whole was 
attempted until about 1880, when Prof. W. M. Fontaine, of 
the University of Virginia, began a careful reriew of the fossil 
plants of the Virginia and North Carolina Mesozoic coal 
basins," is an unjustifiable attempt to pass over the careful 
researches of all those who have preceded Prof. Fontaine. 
Not only W. B, Rogers made "systematic collection and 
thorough study of the fauna and flora" of that formation, 
but also Lyell did it, Mareou did it, and Emmons did it, and 
our collections, put together, are far above and much better 
than the one made by Prof. Fontaine, for the very simple 
reason that we were the first collectora, and that some coal 
pits, very rich in fossil plants and fossil fishes, like Gowrie 
,nd Blackheath, were abandoned long before Prof. Fontaine's 
tplorations, and he found there only the remaining broken 
nd poor specimens among the rubbish and debris. 

My large collection, sent in 1849 to the Jardin des Plantee 
f Paris, waa never published. Adolphe Brongniart scattered 
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a part of it among the general and immense collection of fossil 
plants of the national museum of natural history according 
to genera, giving them names, which have remained unpub- 
lished; but which may be found there and perhaps utilized 
in the future. Of course all the new epecies found by me in 
1849, and only named by Ad. Brongniart. have been described 
and figured since by Emmons and Fontaine. At the laboratory 
of geology, in the Jardin des Plantes, the bulk of my collection 
has been preserved together, where it fills up ten or twelve 
draws. M. R, Zeilier, professor of palffiophytology at the 
School of Mines, in Paris, has lately studied my collection and 
he wrote me : 

Paris, 24 February, 1889. 

Dear Sib AND Colleague. ••••"! have studied with great 
pleasure and interest your collection presar\-ed in the gallery of 
ji^ology. The Assiatant of >I. Dauhr^e, to whom I made an applica- 
tion, placed directly hefore me all the drawers containing your collec- 
tion of fo^ail plants of the coal basin of Hichmoud. But all the 
species have been described already by Rogers, Emmons or Fontaine. 
Here is the list : 

Eqmietam rogerai Schimp, or Eq. arenaeetim Jaeg. 

MacrotxriiopUris magnifoHa Rogers. 

Aeroilichideii linnemfoliiu Bunbury. 

Aeroil. rhombifolius Fontaine. 

AcTOil. micrvphyliu$ Fontaine var. 

A$lerocaTpui virginien»i> Fontaine. (Splendid specimens.) 

Alt. plalyrrhochyt Fontaine var. 

Besides I have found a Pterophyllum with very narrow leaflets, allied 
lo some of the figures published by Mr. Fontaine under the name 
Ctenophyllum braunianum, but certainly identical to a species of the 
Trias of Lunz, the Pterophyllum ritgesi Stur. 

In studying the excellent figures of Emmons, very roughly repro- 
duced by Fontaine, I have been led to contest several of the attrib- 
utions and determinations of the latter, more especially about the 
Alheriia, which Fontaine wants to make an OtozamiUi. The ATbtTiia 
latifolia of Emmons is certainly an Albertia related to both Alb. latifolia 
and Alb. brauni ; and until now all the Albertix have been found in 
Europe in the Bunter sandstein or Lower Trias." 

Very sincerely yours, 

Rem& Zeillbr. 

Professor Zeiller in an excellent paper : Sur la presence, dant 
le GrSa BiffarrSdes Yoeges de ^'Acrostichides khombifolius 
Fontaine. (Bulletin Soc. Geol. France, vol. xxi, p. 693, Paris, 
1888), shows that all the types of fossil plants of Richmond 
and North Carolina belong to the Trias, ranging from the 
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Bunter sandstein or Lower Trias, to the Lettenkohl or 
Upper Trias ; while on the contrary all the types of plants 
special and not characteristic of the Rhtetic of Europe and 
Asia, such as Dictyophyllum, Pterozamitea and Ifilttonia 
are completely wanting in Virginia and North Carolina. 
Prof. Zeiller does not hesitate in agreeing with Heer, Emmons 
and myself, as to the age of the Keuper for the coal series of 
Richmond and North Carolina, synchronising these rocks 
with those of Basel, Stuttgart and Lunz. 

About the same time director Dionys Stur of the geological 
survey of Austria arrived exactly at the same conclusion, in 
hie important paper: "Die Lunzer — (Lettenkohlen)— Flora in 
den Older Menosoic beds of the coal fielda of eastern Virginia" 
(Verhandlungen der k. k. geologischen Reichsanstalt, Nr. 10, 
1888, Vienna. ) 

Third ; the supposed "Hood of light upon the vegetation of 
the Atlantic coast in the Meeozoic ages" thrown by Prof. 
Fontaine, and that he "established beyond question the paral- 
lelism of our New Red sandstone with the Keuper of Europe," 
is a very partial, and on the whole, incorrect opinion, for the 
work was done thirty years before by Heer, Emmons and 
myself. But more, professor Fontaine does not parallelize 
out Virginia New Red sandstone with the European Keuper, 
but with the Rhfetic, taking special care to refer the Rhcetic to 
the Lower Lias or Jurassic, and not to the Keuper or Trias. 

Farther on Dr. Newberry tries to make asort of compromise 
about the age and classification of the Rhsetic, saying at p. 11, 
{Loc. cii.) ■■ "The Rhaetic, formerly included in the Keuper, 
is known to form beds of passage between the Trias and the 
Lias, though with a stilt prevailing Triassic faeies." There 
Dr. Newberry's view conflicts with professor Fontaine's final 
and last conclusion, to place the Rhretic in the Jurassic system. 
It is almost euperfiuous to add that the Rbtetic is not a group 
of ''beds of passage," but that it is still included in the Keuper 
by the majority of geologists who have practically studied it 
in the field, and that as far back as 1845, many years before 
the name RhEctic was created by my friend Gumbel, the 
director of the geological survey of Bavaria, I classified and 
described all the strata of that group ih the French Keuper of 
the Jura mountains. 

At the end of his chapter, "Geological notes," Dr. Newberry 
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makes a last effort to strike out my Jurassic discovery in 
New Mexico, in order to maintain bis saying of 1859 : 1, that 
he failed to recognize the Jurassic formation in any of the 
localities where it has been said to occur by Mr, Marcou ; 
2. that be found northeast of Galisteo, dicotyledonous Isaves 
in the Jurassic sandstone of Marcou ; 3, that he found also 
in several places df northern and central New Mexico the 
Qryphma pitcheri of the Texas Neocomian, in places where 
Marcou referred erroneously the strata to his "supposed 
Jurassic ; and 4, finally that be has "shown Marcou's so-called 
Jurassic to be Cretaceous." Dr. Newberry claims that a "set 
of beds overlying the Trias and underlying the Dakota sand- 
stones occur in Utah, Colorado and Wyoming, and are proved 
by their fossils to be Jurassic. "But these beds wedge out 
toward the south, and I have been unable to find any traces of 
them south of Enchanted Springs, near the lower line of Col- 
orado." {Loc. cit. p. 15.) 

After my exploration of 1853, and the explorations in 1888 
and 1889 of the Tucumcari area by professors Robert T. Hill 
and Alpheus Hyatt, confirming in every respect my discovery 
of the Jurassic system by proved fossils, more especially the 
GryphfeadilatatayaT.Tucumcarii; and the Oeologioal map 
of Northwestern. New Mexico by captain Clarence E. Button 
(U. S. Geol. Surv., Sixth Annual Report for 1884-85, Washing- 
ton), the reaffirmation by Dr. Newberry, that he did find no 
traces of the Jurassic in New Mexico, does not require any 
commentary ; to quote it is sufficient. 

Cambridge, Maea., December, 1889. 



NOTE ON THE OCCURRENCE OF NATIVE COPPER IN THE 
ANIMIKIE ROCKB OP THUNDER BAY. 

B; Andrew c. L^wsoh, Otcaira, Ont. 
Among the rock formations of lake Superior, the Keweena- 
wan or Nipigon series has long been recognized as strongly 
characterized and differentiated from older and "newer rocks, 
by the occurrence of deposits of native copper. So distinctive 
have these features appeared that a common synonym for the 
series is "The copper-bearing rocks." No occurrence of native 
copper in the Animikie rocks has, so far as the author is aware, 
been recorded. Any facts therefore, which indicate that native 
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copper is not peculiarto the Keweenawan series, butoccurs un- 
4Jer somewhat analogous conditionsinaBBociationwiththe Ani- 
mikie rocke, which underlie it, will be received with interest 
both by geologists and miners familiar with lake Superior. 
Such facts have come under the notice of the writer during the 
past season, and it is here proposed to give a brief account of 
them since it will be some considerable time before a system- 
atic report of the geology of the region can be published. 

Field occurrence : — Along the west side of S. W. i Sec. 8. 
Con. VI. in the township of Blake, District of Thunder Bay, 
runs a north and south trending ridge which presents an 
abrupt escarpment about two hundred feet high facing the 
east. To the west of the brink of the escarpment the surface 
slopes gradually to the old Pigeon River road. The section 
exposed in the face of the escarpment is very characteristic of 
all the numerous similar escarpments of this portion of the 
country and consists of about 150 ft. of nearly fiat lying 
black shales and thin gray siliceous beds of the Animikie series, 
capped by about 50 ft. of vertically columnar diabase trap. 
Near the south end of the quarter section, there is an inden- 
tation or bay in the face of the escarpment affording a steep 
slope wherebyitniay be ascended from the valley to the east. At 
the foot of this slope some Indian prospectors found some 
pieces of amygdaloidal trap carrying native copper, which 
were brought to my notice at Pott Arthur by Mr. C. Johneon, 
who had becom^e interested in the find. In company with Mr. 
Johnson and his Indian guide I visited the ground last October, 
and found extending up the surface of this slope adyke-like ridge 
of cupriferous amygdaloid. The surface had not been stripped, 
but was covered with soil, forest loam, brush, tree roots and 
moss. There were, however, four or five outcrops along the ridge 
from the bottom of the slope up to an elevation of 100 ft. 
These lay in a line which, by the compass, had a bearing of N. 
E. and S.W., which is the strike of the deposit provided it be 
a vertical attitude ; but this question cannot be determined till 
farther stripping and exploring has been done. If the deposit 
has a dip or hade, the true strike, which is of importance as a 
guide to further exploration, would have some other direction 
than N. E. and S. W, The outcrops show very clearly a width 
of at least 15 to 20 ft., though nowhere is the contact with the 
country rock exposed. The trap has a much more pronounced 
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amygdaloidal structure at the base of {he slope than higher 
up, but does not carry 8o much visible copper. The whole ap- 
pearance is that of a dyke filling a fissure in the Animikie 
strata- Whether the amygdaloidal trap cuts the diabase trap 
cap which rests on the shales, cannot at present be determined. 
It probably does not. 

There are, however, some circumstances which, in view of 
the meagerness of the exposures, render other explanations 
possible, and the conclusion that the formation is a dyke can 
only be held tentatively. These are (1) that at a level of 100 ft. 
up the slope there is a small outcrop of afine-grained, brownish- 
red sandstone such as is common in the Keweenawan series, 
but which has nowhere been observed by the writer in the Ani- 
mikie ; (2) dykes do not usually present a highly vesicnlar or 
amygdaloidal structure which is rather the characteristic of 
surface flows; (3) the supposed dykes are much more vesicular 
and the vesicules are lai^er at the foot of the eloping line of 
outcrop than at the top, which is contrary to what we would ex- 
pect with reference to the formation of vesicules in any molten 
mass of rock, the mass being usually more vesicular toward the 
top where the pressure is less. The other possible explanations, 
none of which are supported by any direct field evidence, are 
(1) that the supposed dyke may be a small piece which has been 
let down within the Animikie by faulting from the Nipigon 
which may be supposed to have once covered the Animikie 
here as it does elsewhere; or (2) it may be the infilling of a 
fissure in the Animikie formation from above by a surface 
Bow of vesicular lava which brought down with it portions of 
the Nipigon sandstone; or {%), least likely of all, it may be a 
small outlying patch of the Nipigon resting on the surface of 
a pre-existing slope of the Animikie. 

A little exploration and mining would soon set at rest these 
questions as to the precise nature of the formation. We have 
this fact at least,that it is a rock of the same faciee as the amygda- 
loids of the Keweenawan or Nipigon, similarly charged with 
copper, well within the Animikie slates and apparently cutting 
them. In this respect the formation differs from the amygda- 
loids of the Keweenawan which are interbedded and contem- 
poraneous with the other rocks of that age, while the forma- 
tion here discussed is apparently of later age than the Ani- 
mikie, and may very probably be of Keweenawan age, though 
associated with Animikie rocks. 
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Character of the rock. — The rock in which the copper occurs 
is a fine-textured purplish-brown trap strongly amygdaloidal 
in some portions and only feebly so in others. The least amy- 
gdaloidal portions when examined in thin section prove to be 
typical diabase. Slender idiomorphic plagioclase crystals 
lie embedded in allotriomorphic masses of purplish to yellow- 
ish gray augite and in yellowish green masses of chlorite which 
is doubtless the result of the alteration of the augite. Yellow- 
ish brown iron oxide partly opaque and partly translucent oc- 
curs in profusely scattered grains. 

The more amygdaloldal portions show in thin sections a 
finer texture but an equally strongly pronounced ophitic struc- 
ture. Augite is not so abundant and plagioclase is the domi- 
nant mineral. A portion of the base appears to be glass, be- 
ing colorless and isotrophic ; and the augite is probably repre- 
sented in part by the glass and in part by certain decomposi- 
tion products interstitial between the feldspars. Magnetite 
and brown iron oxide are generally distributed. The crystals of 
plagioclase are arranged tangentially to the periphery of the 
amygdaloidal cavities. The latter are filled with calcite or 
dolomite and a brightly polarizing fibrous or lamellar mineral 
doubtless a zeolite. In the thin sections examined no cop- 
per was detected, but macroscopicatly it may be seen scattered 
through the rock in small grains which do not appear to fill 
np the round vesicles, but to be more irregular in shape. 

The brown red sandstone above referred to is very fine tex- 
tured and could not be identified ae a sandstone with certain- 
ty in the field. In this section it is seen to consist of an aggre- 
gate ef rounded, pear-shaped and angular grains of feldspar^ 
pyroxene, chlorite and quartz, all the grains having a coating 
of iron oxide. A good deal of the secondary matrix appears 
to be feldspar, probably albite and orthoclase, and it is full of 
slender colorless needle-tike microUtes. Twinning lamellce of 
the secondary feldspar are in some cases distinct, but for the 
most part are not apparent. Some of the rounded clastic 
grains of feldspar show feeble traces of secondary growth. 

Proportion of Copper. — A few specimens of the rock were 
collected with the view of ascertaining its average value as a 
copper ore. Four of these have been submitted to Mr. F. L. 
Sperry, chemist to the Canadian Copper Co., at Sudbury .who 
has very kindly analyzed them. These specimens taken from 
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different parts of the outcrop at an elevation of 64 feet above 
the foot of the slope, and one from the lowest outcrop gave the 
following percentages of copper : 

Sample No. 164 feet level 1.32% Copper. 

*' No, 2, lowest outcrop 0.27% " 

" No. 3, W feet level 2.88% 

" No. 4, " " " 3.57% 

Besides this occurrence the writer was also shown other 
specimens of amygdaloidal trap carrying native copper, which 
were said to come from the township of Crooks ; but although 
the locality was carefully examined the depOBit could not be 
found as the services of the guide who knew its whereabouts 
could not be secured. Lat«r in the season Mr. Hille, mining 
engineer of Port Arthur, secured the necessary guide and pro- 
ceeded to the place where these specimens were taken, and he 
has since informed the writer that he succeeded in locating a 
dyke-like formation of amygdaloidal trap carrying copper in 
Sec. 4, Con. II of Crooks. But enough has been advanced to 
show that the Animikie rocks of Thunder bay are worth care- 
fill prospecting for copper. 



REVIEW OF RECENT GEOLOGICAL LITERATURE. 

Geology of the quicktiher depotitt of the Pacific tlope, with an atlat^ 
By George F. Becbeb. pp. lix and 486 ; with 7 plates, 20 figures in 
the text, and atlas of 14 sheets. (Monographs of the U. S. Geol. 
Survey, vol. XIII, 18S8). 

An earlier monoRraph of this survey by Mr. Becker treats of the 
geology of the Comstock lode and the Washoe district ; and that inves- 
tigation was a most useful preparation for the present work. Steal. 
boat Springs, one of the most instructive localitien of quickeilver mining 
described in this volume, is in the west eiJge of Nevada, only six miles 
northwest from the wonderfully rich Comstock lode, with which it baa 
very close relationship in its geology and ore deposits. This locality 
lies close east of the great Sierra, but all the districts in California 
where quicksilver mining has l«en productive are in or near the Coast 
BanKes, separated from the Sierra Nevada by the Sacramento and 
San Joaquin valley. The comprehensive sludy of the probable origin 
and manner of formation of these quicksilver deposits has involved 
the consideration of much of the atratipraphic geology of western Cal- 
ifornia, and that of its eastern part, including the Sierra, will doubt- 
less be similarly examined in Mr. Becker's next monograph, on the 
Gold Belt of California, which work was entered upon immediately 
after the completion of this report. 
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DuriDg the thirty-ail years from 1850 to 1885 inclusive, the world'a 
prodact of quicksilver is estimated at 101,300,000 kilograms, or about 
223,000,000 pounds, its estimated value beiuE 1146,800,000. The chief 
UBes of this metal are for the amalgamation of ores and the manufac- 
ture of vermilion. As the process of amalgamation was discovered in 
Mexico more than three hundred years ago, and has ever since been 
extensively employed there in mining gold and ailver, the Mexican 
government waa Jed in 1873 to offer large bounties for the development 
of quicksilver mines. But the flrst discovery of the great quicksilver 
deposits of California waa made so late as 1645, at Mew Almaden, 
which from 1850 to 1886 yielded 853,259 Basks of 76,i^ pounds avoirdu- 
pois. The total product of the California mines during the same 
period was 1,451,^70 flasks, being about half of the total production of 
the world. The Urge ratio was much increased from 1875 to 1883 by 
the rapid mining of the Comstock lode, the extraction of its bullion 
being wholly by amalgamation. 

All tlie quicksilver mines of the world and the principal known 
localities of its occurrence are described, the greatest mine being that 
of Almaden, in Spain. Its other most important mines are at Idria, 
Austria, in Tuscany, in Kwei-Chau, China, and in Huancavelica, 
Peru; but the Peruvian mines have not been worked during recent 
years. The proportion of California to other countries in the produc- 
tion of this metal since 1850 is not likely to be maintained; for 
Almaden, Idria, and Kwei-Cliaii have far greater amautits of ore in 
sight, although the Almaden mines have been worked since 415 B. C. 
In Europe and Asia these deposits bear a relation to the great moun- 
tain belt stretching from the Pyrenees and Alps east to the Himalayas, 
called by Mr. Becker the Alpimalayan chain similar to the relation of 
the American deposits to the Cordilleran belt that forms the Pacific 
border of the whole western continent. 

Cinnabar is everywhere the principal ore of quicksilver, and it is in 
most cases demonstrable that its deposition was subsequent to some 
disturbance of the country rock . In the quicksilver mines of Califoi^ 
t ia the usual mineral association consists of cinnabar and traces of 
native mercury, with pyrite and marcaaite, silica and carbonates ; but 
i, chalcopyrite is not very uncommon, 
ir auriferous pyrite occurs in a few cases, 
millerite in a number of instances, and barite in one. A new bitumen, 
two new chromium minerals, and a red antimony sulphide have been 
detected with cinnabar in this investigation. Tlie cinnabar occurs in 
the form of veins, sometimes cutting aedimentary rocks and some- 
times following the stratification. Connected with the veins are also 
recticulated masses and chambers of the ore, and adjoining porous 
sandstone is often impregnated with it. 

The country rock of the cinnabar deposits of the Pacific slope is of 
the most varied character, ranging from granite, probably Arcbiean, at 
the Steamboat Springs to modern lake beds and recent lava at Sulphur 



sulphur occurs at three i 
stibnite is found rarely, ( 



ZBdbyGOOgIC 



180 7^ American Oeologitt. March leso. 

Bank. The one occutb ia every variety of the early Cretaceoas 
(Neocomian) rocks, iaclndiiig unaltered aanditones, and metamorphic 
phthanite, pseudo-diabaBe, peeudo-diorite, glaucophane Bchista, and ■ 
serpentine. The most important deposita aro found in the metamor- 
phosed rocks, but this seems to be due only to their hardness. Chico 
sandstones, the uppermost Cretaceous formation of California, contain 
cinnabar at New Idria. Elsewhere this ore is found in sandstones that 
are believed to be Miocene, in Pliocene and poat-Pllocene andesite, 
and in recent basalt. 

Great similarity of all these quicksilver deposits indicatea that they 
were not derived from the enclosing diverse rock formations, and that 
they have had a common history, which in two places has been con~ 
tinned to the present time. The process of deposition of cinnabarfrom 
heated waters holding soluble double sulphides, issuing from great 
depths, is still going forward at Steamboat Springs and Snlphur Bank, 
where, as well as in the laboratory, Mr. Becker has carefully studied 
the chemical conditions of the solution and precipitation of this ore. 
He concludes that the enclosing rocks have been without effect upon 
the deposits, since they occur in nearly all the rocks of the Coast 
Ranges. The origin of the quicksilver is shown to be probably by 
leaching from the underlying granite, which the author believes to be 
the first-formed crust of the globe, still in many places exposed to 
view and forming its surface. 

Deposition of cinnabar appears to have taken place through 
the agency of hot sulphur springs, which were probably in sU 
casee of volcanic origin. Basalt of Quaternary age is the lava usually 
associated with the deposits; bat at New Almadenit is a rhyolite dike, 
which is probably Qaatemary or late Pliocene. The author shows 
that after the close of the Jurassic no eruptions seem to have taken 
place in the Coast Ranges until the close of the Miocene or a little 
later. Andesites were then ejected at intervals until the close of the 
Pliocene. Younger andesites, which seem to be early Quaternary, 
constitute a natural group of trachyte-like rocks, for which the name 
atperitea is proposed in this report. These form Mt. Shasta and the 
aurrounding country, and are extensively developed at Clear lake, 
thence southward to the bay of San Francisco, and at Steamboat 
Springs. Still later, daring the Quaternary and down to very recent 
times there have been many basalt eruptions. The date of the latest 
in the vicinity of Sulphur Bank was probably within a thousand years 
or less ; and in northern California there is good reason for believing 
that there has been a small basaltic eruption within forty j-ears. From 
these records of volcanic activity it appears that the age of the cinna- 
bar deposits is limited to post-Miocene time, and there is little doubt 
that nearly all the ore has been deposited since the end of the Pliocene. 

Onneviplantlfrom fheErian and Carbtmi/erout, and on Ike characten 
and affiniiiet of paJxozoic gymnotperrru. By Sib J. William Dawson, 
LL.D., F.E.S., F.G.S,, &e. <From the Canadian Becord of Science, 
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Jannarj, 1S90}. This paper is baeed on Bome fossil plants lonnd by 
Mr. R. D. Lacoe in Heshoppen, Wyoming connty, Fa. It deecribeB 
Dictyo-cordaites lacoi, and Tylodendron baini. The author unites and 
compares fragmentary material from different places, published under 
different names, sniving at some condensed stal^ments of the affin- 
ities of palaeozoic gymnosperms which tend toward the further elucida- 
tion of the history of vegetable life. He concludes as follows : 

1. That the nearest structural affinities of the palieozoic gymnosperms 
with the higher cryptogams lead toward all the groups of acrogens, 
viz: Bigillariffi, Calamiteic, Lepidodendrem', and Ferns. 

3 That the present dominant groups of Conifers proper and 
Cycadaceee are absent or slenderly represented in the palfcozoic. 

3. That ihe dominant palieozoic families are the Na'ggerathite, 
Cordaiteie and Taiinee, and that these occupied a prominent and 
important place, and culminated in the palieozoic and early Mesozoic 

4. The two former families, did they now exist, would supply con- 
necting links between the Coniferie and Cycadeee, and between the 
latter and the Acrogens. 

Prof. 0. C. Marsh contributes to the London Oeological Magazine for 
January a description of one of the new reptilian forms recently 
announced by him from the Cretaceous strata of the western states. 
Prof. Marsh has enriched the American fossil vertebrate fauna with 
many strange forms of extinct life, but probably none of them sur- 
passes or perhaps equals this. Of all the reptiles that marked the 
Mesozoic age the group to which this fossil belongs is one of the most 
peculiar. The Ceratopsidie, or horned family, show us the possibili- 
ties of variation in a most remarkable manner. It seems as If 
nature at the moment when the scepter was passing away forever 
from the type of vertebrates hail undertaken to try her hand at produc- 
ing a more monstrous and biiarre combination of characters than the 
age had ever seen. The last reptile sovereign of the Mesozoic empire 
was at the same time a summary of its ancestors and a prophecy of its 
successors. 

In the very highest of the Oretoccona strata of Wyoming and Mon- 
tana, "fresh water or brackinh deposits which form a part of the 
so-called Laramie," are found the fossils from which Prof. Marsh has 
constructed the genus Ceratops, as the type of the family. Hin paper 
in the Geological MajiBzine describes the genus Triceratops by the 
species T. Jtabellalat and T.horridut. The skull of this genus is the larg- 
est known among land animals recent and extinct. In the former species 
it measures six feet and in the latter eight feet in length. Seen from 
above it reminds one ntroiigly, in general shape of the head, of a bird, 
being round behind and tapering to a sharp point in front. A side 
view suggests at the front the profile of a rhinoceros, by the massive 
nasal hones and the thick short tubercle, representing the ''horn" of 
hat animal. At the back the large rounded orbit and the two long 
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liora-cor€s growiiig from the frontal bones etrongly recall the head of 
the ox. In most skulls the fore maxillary bones occupy the front 
place, bat here Prof. Harsh describes one anterior to those, which he 
calls tbe "rostral" bone. A corresponding bone in front oE the 
symphysis of the lower maxillaries is called the "dentary" bone. It 
is not quite clear from Prof. Marsh's paper whether or not these 
bones exhibit the trae osseous tissue. ' He calls them dermal ossifica- 
tions and says that they were covered by strong homy beaks like 
those of birds. In addition to these extravagances of nature in this 
sin^lar genus of reptiles, the hinder part of the head is covered with 
enormously expanded parietal and squamosal bones all four of which 
meet the frontals and are bordered behind and outwardly by a row of 
small ossicles, "epoccipital bones," like tubercles or blunt spines 
which, says Prof. Marsh, had horny coverings and in old animals were 
co5asified with the adjoining plates. 

Prof. Marsh adds that these stray fossils characterize a distinct 
horizon in the so-called Laramie group of the Upper Cretaceous, which 
may be (raced for SOO miles along the Rocky mountains. 

Mr. Howorth contributes a paper to tbe same journal on the question, 
"Did the great Siberian rivers Sow southward in the Mammoth age?" 
He shows that the whole area of northern Asia has long been slowly 
rising and thus tending toward a state of things that prevailed in the 
past. He shows that no great amount of elevation would be necessary 
to prevent the northern flow of the Obi and the Yenessei, their upper 
reaches being now only 200 or 300 feet above the sea, so that an eleva- 
tion of from 40 to 50 fathoms would suffice to reverse the drainage of 
this region. 

The structure o! the Asiatic continent requires as a corollary from 
this conclusion that avast Mediterranean sea must have existed there, 
and of this Mr. Howorth offers the following evidence : 

1. The scattered lakes over this part of Asia are inhabited by the 

2. The intervening atrelches of desert contain semi-fossil shells of 
the species still living in the lakes. 

As a further argument Mr. Howorth points out that it has been a 
difficulty with geologists to understand how the great sea which once 
certainly filled the Araio-Caspisn depression was supplied with water. 
This difficulty he removes by the theory advanced in his paper. 

Mr. Howorth further remarks that the great rivers of European 
Russia still flow southward and that what he here maintaina regard- 
ing the Obi and the Yenessei was also true of the Lena. It concludes 
by calling attention to the influence which such a change in the phys- 
ical geography must have had on the climate by rendering it milder 
and more capable of supporting the fauna whose remains are now 
found in the Tundras of Siberia. 

It is an obvious inference from Mr. Howorth's premises that north- 
ern Asia is rapidly tending back to tbe former state and that in an ag 
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geologicttltj not distant we may expect to see the course of these great 
rivera reversed and a Mediasiun eea occupying aoutbern Siberia. 

ViiUrtui^ungen Tuber Geiteint vnd Mineralitn aut Weft Indien, VOn J. 
H. ELOoa. (Samml. d. Geol. Reiche-MuB. in Leiden, 1889, p. 168). The 
fonner part of this work was noticed in the Gbolooist on p. SI, vol. i. 
The rocks dercribed in this part are from Dutch Guiana, and constitute 
a part of the collection which was made by professor Martin and depos- 
ited in the Leiden museum. The molluscan fauna was described and 
illnstrated in the former part by Dr. J. LoriS and M. M. Scheproan, 
and indicate S Iat« Tertiary age fur the fossiliferous rocks. Mr. Kloos 
gives detailed microscopic descriptions of the massive rocks, including 
angite-audesyte, granite (containing augite], diabase (and amphibol- 
yte), CT^htalline schists, chlorite schist and a peculiar veined and 
schistose rock having a porphyritic structure; also oralitic schist and 
hornblende gneiss. The work is illustrated by eighteen figures of 
microscopic thin sections. 

A calalogut of North AmeTican Palaozoic eruttacea confined to the non- 
trilohilic genera and ipeeiet. By Anthony "W. Vogdeb. Author's 
edition. {From the Annals of the New York Academy of Sciences, 
vol. V, So. 1. 1889), The list is annotated, and shows a careful and 
laborious search in American literature. Some of the genera are 
fignrt-d, and nearly all have author's diagnosis republished from the 
original descriptions. 

Note on the dincovery of Trilobiteg in tlie Neobolut beds of the Salt-Range. 
By WiLLtAH King. {Records of the Geological Survey of India ; Vol. 
zsii, Parts, 1889, pp. 153-157.) The importance of the discovery of 
trilobites in the Nfoboltu beds oi India can hardly be overestimated. 
These beds have been the subject of considerable controversy among 
Indian geologists; the beds being variously called Permian, Lower 
Carboqiferoos and Silurian. The discovery of trilobites, which Dr. 
Waagen, the palaeontologist, saya undoubtedly belong to Conocephali- 
dx and Oienidce, at last proves the true position of these beds which 
must now fall even below the Silurian to "the upper region of the 
Lower Cambrian." One specimen, according to Ur. Waiigen, isvery 
nearly related to Conoeepkalitet formofiti llartt. This remarkable dis- 
covery ia expected to be fully treated in the forthcoming parts of Vol. 
iv of the Salt-Range fossils and we shall wait with much interest the 
publication of these results." 

Elemente der Palieontologie. By Gostav Stbismanh and LuDwia 
DcEDERLBiN. Part I, pp. 1-336, 1889. Part ii, pp, 337-848, 1890. W. 
Engleman, Leipzig, This work is on a plan similar to Zitlel's master- 
work "Handbuch der Palffiontologie ;'' the classification difiers some- 
what and the work is not so profusely illustrated as Zittel's, there 
being 609 figures of invertebrates as against 1 ,607 figures in Zittel ; the 
latter work also containing almost twice as many pages aa the former. 
The work on the wholn will form a good substitute for Zittel to those 

■Cumpan American Gbolouist, vol iv, p. (K). 
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who do not want very comprebeDsive information on the subject 
otherwise there is no enbstitnte for Zittel, nor do the authors maki 
ftny such claim. 

Devonian Plants from Ohio. Bj Dn. J. 8. Newbbrby. (From th 
Journal of the Cincinnati Society of Natural History, Vol. xii, 1S8S 
pp. 48-5G, plates 4-6.) 

This paper gives some additionnl information about the paleobotan; 
of the Corniterous hmeatone of Ohio, a formation wliich has contribut 
ed but little to this science. Five upeciOB are figured and described 
lour of which are from the Delaware limestone or upper division of th 
Corniferous. The remaining species, Dadoxylon newbeTryiiia., occu 
in the Huron ehale, and according to Prof. Orton (Rcp't Geol. Sun 
Ohio, vol. vi, p. 30) is found free in the shale and, also, at the centr 
of concretions. It is interesting to note tliat in New York state th 
Genesee shale, which is at about the same geological horizon aa th 
lower Horon ehale, contains so-called Coniferous wood, which Sir Wil 
liam Dawson has named £taijoxi/lon clari/i. This species of Dadoxj 
Ion is not rare in a concretionary layer of the tienesee shale o 
Canandaigua lake and at other localities in Ontario county. New York 

One of the four Corniterous species, Sphtnaphylhtm vetuUum, is ne' 
and, except S. primievum Li. from the Hudson river group of Kentut 
ky and Ohio, it is the most ancient species of this genua yet found i 
America, The early occurence in the Corniferous limestone of Lepidi 
dendTott ga'pianum Dn., or a closely allied species, which was reporte 
provisionally in 1873 (Rep't Geol. Snrv. Ohio, vol i, part i Geolojrj 
p. 147} , is conGrmed. The tree ferns Caulopteru antigua Kewb. and C 
peregrina Newh. were first figured and described by Sir William Da« 
sonin the ti'iart. Jour. Geol. Soc., vol. xxvii, 1871, pp. 271-272. 
p. 269 it is stated that Dr, Newberry had named the specimenB bu 
allowed Dawson to compare them with the other species described i 
the paper. In the Ohio geo1oj>ical report for 1S73 {loc. cit. p. 146), th 
Newberry mentions these species but without figures or descriptio 
and it appears that his description has been delayed until the presen 
paper, which is eighteen j-ears later tlian llawaon's. 

Dr. Newberry's statement that "the fossil plants from New Yor 
described by Dawson, Hall and Vanuxem are from the Chemung c 
Catskill" is somewhat erronous. It is true that in part they are froi 
these formations, but the Hamilton period has furnished a coiisiderab! 
number of species. The number of species known from the New Yor 
Devonian is approximately as follows : The Corniferous limestone ha 
Prototaleinia huronemU Dn. and the doubtful form called Spirophglo 
candagalli (Van.) Hall; the Maccllus shale, six; Hamilton, nineteen 
Genesee, nine ; Portage, six ; Chemung, twenty-four ; and the Catakil 
five. 

The material oC this paper was prepared originally for a part of vo 
111, of the Palteontologj' of Ohio, bnt unfortunately was not pnblislie 
by the State. There are drawings and descriptions of new species * 
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Coal Measure plants, yet unpubliBhed, vhich the author hopes to 
make the subject of another memoir. A portion of the specimens upon 
which the present paper is based may be seen in the Columbia College 
Museum in New York. 

Economic geological lurvey in Georgia and Alabama throughimt the belt 
travereed by the Macon and Birmingham railway. By J. W. Spencer. 
B6 pp, 8vo, with a geological map. Athens, Ga. Thia is a neat, con- 
cise and thorough geological description oftbe area designated, in non- 
technical language. The report mentions a fault at the Henry el len 
coal mine, where the direct slipping of the earth's cruet has brought 
the Knox dolomyte and the Coal Measures sharply side by side, the 
fault amounting to 9,000 feet. The Clinton iron ores, the cause of the 
growth of Birmingham, and the basis of the late increase in iron man- 
ufacture in Tennessee, Alabama and Georgia, arc fully described, and 
several page-plates in>half-tone from photographs give much aid in 
understanding the features of the country as described. The brown 
iron ores and the coal fields arc fully described, also the gold belt of 
Georgia. Graphite, agbestoB, cornndum and tin are enumerated among 
the economic minerals. Soils and water-poners are noted and some 
of the latter illustrated. It would be well if all the southern railways 
had a similar survey and publication. 



CORRESPONDENCE. 

Dr. D.wid HoNKrtuN. Dr. Honeyman was bom at Corbier Hill, 
Fifeshire, Scotland, in ISIT, and died at Halifax, Nova Scotia, on the 
17th of October, 198B. He received his education at the University of 
St. Andrews. Having selected the church as a profession, fae studied 
first at Glasgow and afterwards at Edinburgh. In 1830 he entered the 
United Secession Theological Hall, was licensed in 1841, and joined 
the Free Church immediately after the Disruption. Honeyman was 
appointed professor of Hebrew in the Free Church College of Halifax 
in 1846, and after that time he made his home in America, being suc- 
cessively minister of the Presbyterian congregation of Scliuhenacadie, 
afterward of Antigonish, and finally in 18G2 he resigned the ministry, 
and devoted himself wholly to scientific work. During his stay at 
Antigonieh he made an excellent geological memoir on that part of 
Nova Scotia, which he published in 18G5, in the Proceedinge and Tron*- 
actiont of the Nova Scoiian Intlitule of Nalural Science, vol. i, Part iv, 
p. 105. In 1862 he was appointed superintendent of the Nova Scotian 
section of the London International Eihibiton; and also at the Paris 
exhibition of 1667. During his stay in Paris his knowledge of the 
geology of Nova Scotia attracted the attention of Barrando and 
de Verneuil, both of whom esteemed very highly his observationa on 
the Falieozoic rocks and fossils. From that date, Barrande "never 
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forgot me ia the distribntion of hia very int«restiDg and valuable pub- 
licstionB," ae Honeyman writee in one of his letters, dated Oct. 16tli, 
1884, adding: "I received your volume on The racontc »!/*(«n, with 
the interesting cor respond ence. I read Barrande'a letters very care- 
fully. Certainly Logan and the other adversaries of the Taconic do 
not make a very creditable appearance in the correspondence." " • • 
"E. de Verneuil is gone, Barrande ia also gone, and only MarcOQ is 
left of all my intimate friends of 1867. I am very glad to find that mj 
very good friend Marcou still retains his pristine vigor and that hia 
pen ia always ready to defend his own and others' rights. Longtoay 
he continue in vigor of body and mind." 

Dr. Hooeyman was an original and very carefol observer; and he 
defended successfully all his researches in the field of Nova Scotian 
geology and his rights whenever attacked, as -was the case in his con- 
troversy with Sir J. William Dawson. He published thirty-nine 
papers on the geology of Acadia, particularly on Arisaig, Antigonish, 
the gold-bearing aeries of Yarmouth, and the glacial action and trans- 
portation in Nova Scotia. All bis communicBtions were made before 
the Nova Scotian Institute and published in its transactions, contrib- 
uting largely to the reputation of that institute as well in the Canada 
Dominion as abroad. 

Honeyman's sphere of action was not limited to geology and miner- 
alogy; he extended bis studies to biological aubjecta. Eight oi his 
papers treat of new and rare fishes, echinoderms, sponges and organ- 
isms found attached to sub<marine cables. He represented Nova 
Scotia at the London Fiflhcries Exhibition of 1883, as well as at the 
Dublin Eshibition of 1865 and at the Philadelphia Centennial Exhibi- 
tion of 1876. Appointed curator of the Provincial Museum of Nova 
Scotia, be was so successful in his management, that he is jnetly con- 
sidered as the creator of it, at least to a lar^e extent; for the muaenm, 
under his cbarRe, has acquired such dimensions as to demand a 
special buildinj; for the display of ita collections. Dr. Honeymon 
received the honorary decree of D.C.L. from Kiag'a College, Windsor. 
He was a member of the Geological Society of France, a fellow of the 
Geological Societies of London and of America, and of the Royal 
Society of Canada. J. H. 

Pkbolacial Ckahnkls at the fallb op the Ohio. In a previous 
letter I referred to what seemed to be evidence of a terminal moraine 
near Louisville, Ky. Subsequent observation has confirmed this 
opinion, alchough there are many perplexing problems yet to be 
solved connected with the drift in this locality, 

A residence of five years in Louisville with daily opportunities for 
observation has impressed upon the mind of the writer, as ncve. 
hefofe, the fact that very little erosion baa taken place in post-glacia 
times. It has also been made evident that very little scraping o" 
was done by the glacier, but a good deal of filling in, especial 
toward the southern limit of the ice-sheet. It ia well known to geol- 
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ogists that the Ohio falls at Louisville have only been in existeoce 
since the ice age. The old channel of the Ohio river is supposed to 

have been aouth of its preaant bed where the city of L^misville now 
stands. While this ma? be true, perhaps, of one branch of it, yet 
ajiother channel, as we will notice, has been discovered on the north 
side of the river in Indiana. The plain, upon which the city of Louis- 
ville is built, is chiefly a fliled-in pre-g;lacial valley formed by the 
Beargrass and other tributaries that joined the Ohio at this place. 
Many of the smaller streams were entirely cut off during the melting 
of the ice-sheet, and the two branchei of the Beargraas, still in exist- 
ence, are only relics of their former greatness, their mouthe having 
been filled in to a very great extent. At the month of the East branch, 
at one of the distilleries, a well was sank to the depth of four hundred 
feet without coming to rock; yet near it, the present etream flows 
over limestone rock that comes very near the surface. At the mouth 
of the west branch of the Beargrass a sewer is being constructed to 
connect with it. For the distance of over half a mile, right in face 
of the ridge or terrace, no rock Wiie reached at a depth of twenty-five 
feet, showing that the ancient valley must have been this wide. The 
present stream is very narrow — not more than thirty feet wide — and as 
it breaks through the ridge it fiowB eastward, seemingly up hill, for 
evidence of an old channel is seen running to the west where it must 
have connected with the Ohio river in preglacial times, below, not 
above the falls, as at present. The valleys of the Beargrass opened 
into the wider valley of the Ohio where a meeting of the waters takes 
place. The old channels running through this valley or plain can still 
he traced through the city of Louisville and vicinity by the numerous 
depressions between the river and the ridges. About six miles above 
the falls the Ohio river seems to have parted in early times, as here 
the valley begins to open out on both sides of tlie present stream. One 
arm, if not several, came down on the Kentucky side, another stretches 
out around the city of JeflTcrsonville, Ind. , and can be traced by a line 
of swampy depressions at the base of what is known as Walnut ridge, 
very much like the preglacial channel of the Mississippi river at 
Minneapolis and vicinity. This Indiana branch or old preglacial 
river, leaving the present channel of the Ohio below Utica, curved to 
the left — as we look up the stream— and, bending southward again, it 
joined the Kentucky branch below the falls. 

The Indiana survey, 1874, page ITG in speaking of this region says : — 
"In the gravel or altered drift at this region are found mastodon 
remains at as great a depth as thirty feet, which seems to indicate the 
situation of an old river or lake bed." 

The United States depot of supplies stands near the south margin of 
this depression, and the well tor the engine-houae is forty-four feet in 
depth, going through strata of clay, sand and gravel — coarse hard 
gravel overlying the rock to the depth of about six feet. The depres- 
sion seems to deepen towards the north as there is a difference of over 
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ton feet between ttie south and nortli parts of thesume building encloa- 
ore. No doubt this preglacial channel was uniform in depth to the old 
bed of the Ohio— about one hundred and fifty feet deeper thail at 
preuent. Both on the Kentucky anil Indiana sides of the river there 
are eeveral depreBeions and raised beaches, and after the parting 
above the falls it would be difficult to determine which was the main 
channel of the preglaclal Ohio. Probably the largest branch was on 
the Kentucky side, although the Indiana valley is the most extensive. 
This much is certain, however, that the site of the falls in preglacial 
times was an island, and must have stood up more than a hundred 
feet above the level of the surrounding waters, for as we have seen, 
the old channels are filled in at least one hundred and fifty feet. This 
island, covered doubtless with a luxuriant vegetation, the wide, pre- 
glacial valleys and countless streams, must have formed a picture 
beautiful to behold. On the Indiana side of the falls the old and new 
channels come very close together, so close in places that only a bank 
of clay or a thin edge of rock separat^K them. In fact, there are places 
over the falls where the present current of the river runs in an old pre- 
glacial channel, making the bed of the present stream much deeper in 
some places than others, but for the most part the falls of the Ohio at 
Louisville consist merely of a shallow channel worn in the surface of 
the preglacial island already referred to. 

The old channels being filled in with glacial debrU the river was 
forced into its present course. The amount of post-glacial erosion bae 
been very slight ae the present channel does not admit of the passage 
of vessels of the liKhteet draft except at very high water ; therefore a 
canal bad to be constructed to avoid the falls and permit navigation. 
From personal observation the writer, as already intimated, ia con- 
vinced that most of the rock erosion took place, not during nor since 
the ice age, but in preglacial times. 

LouiivilU, Ky., Fib. 8, 1890. JoBN Bryson. 

Mr. H, T. Crbbson and the Delawarb river dwellings. A gener- 
al impression has been held for the last two years that there were 
river dwellings on the Atlantic coast. This impreeBion was gained 
from a letter which was published in the American Aniiquarian for 
November, 1887, entitled "River dwellings on the mnd flats of the 
Delaware river." This letter waa written by Mr. H. T. Cresson, and 
was published eiactly as it was written, title and all. The letter was 
quoted by Mr. H. W. Hayoes in the "Narrative and Critical History," 
with the addition of a sentence nts ting that he, (Mr. Cresson) has 
also kindly sent to the writer (Prof. Haynes) a small illustrative col- 
lection from each site tor his study." Mr. Cresson, after two yeara 
time, seeks to withdraw from liis position about "river dwellings," 
but in order to do so furnishes to Science a letter which he pretends is 
acopy of the one sent November, 1887. There are several discrepan- 
cies between the two letters, which, if you will allow me, I would be 
glad to set before your readers. They are as follows : 
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la Science Feb. 14, page 116, paragraph 4, this eentenee ia inBerted: 
"More matore deliberatioa, based npon band dredging and eiccavation 
made Bince my first vieit (1870) only serves to confirm my opinion that 
they vere Ssb-weira." No Buch sentence was written in 18)^7. On the 
same page, fifth paragraph, there ia the following: "The reeulte so 
far seem to indicate that the ends of piles embedded in the mud, jndg- 
ing from the implements and other debris scattered around them, bad 
once served as supports to structures intended for fish-weirs. These 
in all probability projecting a few feet above the water, and were no 
doubt interlaced with wattles or vines to more readily bar the passage 
of Sshinto the river." In 1687 this sentence read as follows: "The 
results BO far seem to indicate that the ends of the piles embedded 
in tlie mud, judging from the implements scattered aronud them, once 
Bopported shelters of early man, that were erected a few feet above the 
water, the upper portions of the piles having disappeared in the long 
lapse of time that must have ensued since they were placed there." 
Notice the phraseology: "Three differentdwellingshave beenlocated, 
all that exist in the flats referred to." In Science it is, "Three differ- 
ent stationa were locat«d, probably all that exist in the bed of the 
creek referred to." In the same paragraph a sentence reads as follows, 
"The implementa found in one of the stations are generally made of 
argillite, wtih a few of quartz and quartzite. Bome were very rude in 
character, not unlike the paleoliths fonnd by Dr. C. C. Abbott in the 
Trenton gravels." In 1887 the sentence read, "The implements fonnd 
in two of the supposed river dwelling sites are very rude in type, and 
are genarally made of dense argillite, not unlike the paleoliths found 
by my friend Dr. C. C. Abbott in the Trenton gravels." The next 
sentence reads in Science, "Objects of stone and pottery, rather better 
in finish than those at station A, have been found at the other stations, 
B and C." This read in 18S7, "The character of the implements from 
the other and third supposed river dwelling on the Delaware marshes, 
indicating a greater antiquity than ordinary surface-found Indian 

The phraseology of these paragraph's and sentences is peculiar. 
Each sentence in the original letter, written in 1887 gives the impres- 
sion that Mr, Creeson had certainly found piles which he thought 
once supported river dwellings. The sentences furnishsd to Science 
in Feb. 1890, give the impression that these piles were flsh-weira. 
Mr. Cresson is unwilling to bear the responsibility of bis own state- 
ments.made two years and more ago,and charges the editor with"garb- 
ling," whereas the "atrocious garhhng" is done by himself in 1890. 
The letter has stood in the Antiquarian, and no request for correction 
has been made. He eayanow, "I hope this letter, (theone in Science) 
giving a brief reflnme of the finds at Nnaman's creek month will cause 
all absurd romancing in regard to pile dwellers on the Delaware to 
cease- If they ever did exist I have certainly failed to find any traces 
of socb a people, and never nphcld any such nonsensical theories." 
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The nonaeDsicKl theory appears] over Mr. CresBon's name, and stood 
for two yean and three montha. PerhApe your readers cctn reconcile 
these statements- The pile dwellinga are evidently fish- weirs. They 
may have been made by Indians and they may not. The reliability of 
the person describing them is exceedingly doubtfol. 
Respectfully yours, 

Mendon, IIU., Feb. 19, 1890. Stbphbm D. Pbit. 

Tbb Level of vo Strai.n.— Students of geology mnst thank professor 
Claypole for' his simple presentation of the question now fO actively 
discussed by certain English physical geologiste regarding the "Level ' 
of no Strain" within the earth. Teachers should also be interested in 
it, for if the discussion lead to a valid conclusion, the Contractional 
Hypothesis that is so generally taught to their classes, oat;ht to he 
abandoned, except in teaching the hisiory of geology. But is not their 
conclusion — namely, that the depth of the level of no strain is only t«n 
or twelve milea below the surface — only a special solution of the prob- 
lem of a cooling body? It rests, as prifessor Claypole t-hows clearly, 
on the abaeuce of cooling below a depth of 400 miles, and this in turn 
rests on the postulate that the temperature of the earth was once uni- 
form from surface tu center. Why should a fai).'hly spec'alixed initial 
distribution of internal temperature be arcepted as the only one 
worthy of discussion? I have sometimes wondered if it were not chos- 
en on account of its simplicity i but certainly there are other conceiv- 
able and admissable initial distributions that deserve consideration. 

The uniform distribution of temperature rests on the snppoaition of 
(onvectional movemeata by which all previous inequalities of temper- 
ature 'were equalized. Itis very questionable whether such movement 
could continue until anything like equality of temperature wasattained; 
viscosity and friction would exceed the relatively small gravitative 
forces, on which the latter stages of convection mnst depend, long 
before equality of temperature within and without was reached. 

Moreover, an essential of the postulate of uniform initial distribution 
of temperature is a sub-postulate of uniform distribution of specific 
gravities, and this is altogether unlikely. The whole contractional 
hypothesis, with its various postulates, rests in turn on the nebular 
hypothesis, in which there ia nothing to forbid and everything to sug- 
gest that the nuclei of the planetary masses were denser than the 
subsequent external accretions ; and if we postulate such an origin for 
the mass of the earth the possibility of the convectional equalization 
of central and superficial temperature is entirely excluded. An enor- 
mous excels of temperature might remain about the center wttt>oot 
causing sufficient expansion of the dense material there to produce 
convectional unstability. A crust would form and geological opera- 
tions would proceed in their recognized order while a vast sture of 
heat remained imprisoned within ; and the level of no striin at the 
present stage of the history of such an earth, would be much deeper 
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than in the ideally simple earth that has beeo generally discussed. 
An external sheil of 400 miles thickoess would not then measure near- 
ly the whole depth to which cooling would penetrate ; conduction and 
contraction would be operative nearly from the center to the surface. 
Accordi&K to one or another of the various admissable postulates as to 
the distribution of internal temperature at the time when the perma- 
nent external cause was found, the amount of surface contraction and 
the depth of the level of no strain will vary. While the physical 
studies of Read, Davison and others in this direction are of great 
importance, it la well that students should bear in mind the fact that 
their conclusions refer to an earth, but not necessarily to the earth. 
Harvard College, Feb., 1890. W. M. Davib. 



PERSONAL AND SCIENTIFIC NEWS. 

The South African gold fields. The rush of potmlation 
to the new gold fields in south Africa still continues. The 
central town of the district, Johannesburg, ha.'^ sprung up like 
a niuehroom from nothing two years ago to a population of 
20,000. Land thon almost worthless has increased in value so 
that central lots are selling at £2,')00 an acre, while those in 
the suburbs bring £500. The matrix of the gold is all quartz, 
BO that crushing is the onlv means of obtaining the metal. No 
alluvial washings exist. This places the new region and town 
in a very substantial position. Spec;uiation is less uncertain. 
Capit-al is required and is fast flowing in. The reef is said to 
extend for 100 miles in length and to have considerable breadth. 
Johannesburg is nearly 2,000 miles from the cape of Good 
Hope and bids fair to "become the centre of a large English 
community, though not at present within British territory. 

The gold-bearing deposit consists of conglomerates, a very 
unusual matrix for gold, though occurring also in Nova Scotia, 
where, however the yield is small. The strike of the reef, which 
is double, is nearly east and west, and its dip varies from 
45^ to 80°. 

Mud Eruption in Asia. A remarkable eruption took place 
on Aug. 2, 1R89, about 40 miles from Erzeroum in Asia Rf inor. 
The side of the mountain burst open and the village of 
Kantzorik, with 136 of its inhabitants was buried in a torrent 
of mud Rowing from the gap. The flood was about five miles 
long by 300 yards wide, and the solid content has been esti- 
mated at between 50,000,000 and 60,000,000 cubic yards. It 
dried and hardened on the top but remained liquid below. The 
surfaeo became deeply crevassed as is that of a glacier. Fine 
dust caused by the fall of massea of rock caused a rumor that 
a volcanic eruption had taken place, but there is no evidence of 
anything of this kind. It was in effect a land slip on a vast 
icale. The district consists of Mesozoic rocks cut and pierced 
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by granite and basalt, and the catastrophe was probably due to 
the softening of eoine of the beds of the former and tne prea- 
sure of an overlying mass upon the softened stratum. 

Discovery op Phosphate in Florida. Great excitement 
prevails in Citrus Co., Fla., and adjoining parts of the stat«, 
over recent discoveries of phosphatie deposit apparently in 
large quantity. The district lies along the Wekiva and With- 
lacoochee river and covers many thousand acres, being 100 
miles in length and 12 to 20 in breadth. The phosphate is found 
at varying depths from one foot to sixty and occurs for the most 
part in "pockets" sometimes 100 acres in extent surrounded by 
"barren ground." It is soft, and seldom requires drilling or 
blasting. Regarding its quality, reports are conflicting ; some 
giving it as very high in grade, 50 to 90 per cent, of phosphate 
and averaging 75. These figures are of course above the truth. 
South Carolina phosphatie material averages about 50, and it 
is not likely that this will be of better quality. The Canadian 
apatite does not exceed the higher figures, and this is much purer 
than any of the phosphatie marls. If worked with skill and 
judgment these Beds ought to yield a good harvest to their 
owners as the market for phosphate is steady, and yearly in- 
creasing in extent. 

Scientific expedition to Yucatan and Mexico. Prof. 
Angelo Hsilprin, of the Academy of Natural Sciences of Phil- 
adelphia and a party of specialists left New York on February 
loth for Progreso, Yucatan, from which point they will begin an 
extensive examination into the geologv, botany, and zoology 
of this little known country. After spending several months 
in the interior of this portion of Mexico, the party will embark 
for Vera Cruz to investigate the "tierra caliente" and the 
volcanic belt, Orizaba and Colima receiving especial attention. 
The party will then proceed to the city of Mexico, where the 
lakes on the plateau around the city will be studied. The 
expedition was organized under the auspices of the Academy 
of Natural Sciences of Philadelphia. The specialists con- 
nected with the expedition are (in addition to the director, 
Prof. Heilprin) Mr. J. E. Ives, marine zoology, Mr, Witmer 
Stone, botany and ornithology, Mr. F. C. Baker, conchology 
and general zoology and Mr, R. I,eBoutillier, photography. 
The results of this expedition into a country geologically 
almost unknown will oe awaited with great interest. The 
party is expected to arrive home before midsummer. 

At the University of Alabama the department of obemie- 
try and geology has been divided, geology and mineralogy 
being united under Prof. Eugene A. Smith, and a new profes- 
sorship, that of chemistry and metallurgy, being created. 
This much desired enlargement will afford professor Smith 
more time to devote to the geological survey of the state, and 
with additional instruction in engineering, which has also been 
ordered by the trustees, will afford a good course in mining 
engineering and metallurgy. 
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CERTAIN FORMS OP STRAPAROLLUS PROM SOUTH- 
EASTERN IOWA. 

Bf Chablu R. Ebyh. 

In the consideration of the genetic charactere of Straparol- 
las certain formB from the lower CarboniferouH rocks of 
southeastern Iowa present some interesting phases which illus- 
trate fully peculiarities formerly regarded of greatimportance 
in the separation of this genus from Euomphalus. The two 
terms are of common occurrence in the literature of American 
Palseontology, and have been applied indifferently both to 
planorbiform gasteropod shells having angulated whorls and 
those posBessing rounded volutions. The latter features were 
originally regarded as distiQctive. Yet the multiplicity of 
forms manifestly belonging to the group founded by Montfort 
has given rise to the establishment of a number of genera 
which can now he considered only as of little or no utility' 
and seem best disposed of when placed in the synonymy of 
this genus. Aside from the two leading sections, however, 
these various terms require no further reference here. 

The species from the immediate vicinity of Burlington that 
have been referred to the two groups in question elucidate 
somewhat the true relations existing between Straparollue and 
Euomphalus, both as regards the structure of the shells and 
the probable optimum station of the animals when living. 
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Of more than fifty species of gasteropoda deecribed from the 
locality under consideration few have ever been figured; and 
consequently much confusion has arisen regarding the proper 
identity of many of the forms. Recently, however, a very 
complete series was obtained. The majority of the species 
comprising this collection have been treated elsewhere ' with 
lonsiderable detail and it remains now to consider more fully 
the forms of one of the most characteristic genera — Strap- 
arollus. 

The generic relations of Straparollua and Euomphalus have 
long been a subject of controversy. And, while the quflstion 
can not at present be regarded as definitely settled, the 
evidence derived from all available sources points to the 
co-extension of the two genera. Each name was primarily 
proposed for a group seemingly quite distinct. But later 
inquiry has indicated that the alleged generic distinctions are 
actually more apparent than real ; and that the two sections 
can, with great propriety, be considered under a single term. 
Some recent writers have even proposed to make the two 
genera in question identical with Solarium established by 
Lamarck' for a group of modern gasteropods. But it does not 
appear feasible, nor advisable, to extend the limits of the 
Lamarckian genus as thus suggested ; while practically the 
separation of the recent and ancient forms is not difficult and, 
as a matter of fact, is very convenient to the ayetematist. 

StraparollUB, as defined by Montfort,' has for its type 
S. dionygii Mont. — a form with the spire somewhat elevated, 
the umbilicus broad and shallow, and the whorls regularly 
rounded. Euomphalus of Sowerby,' represented by E. pent- 
angularis Sow., includes planorbiform shells having more or 
less distinctly angulsted volutions. With the types alone 
under consideration the two groups might appear sufficiently 
well marked to warrant their generic separation. ^ more 
extended comparison, however, of the described species reveals 
no reliable criteria by which the two groups may be distin- 
guished. A further consideration of these resemblances and 
differences of divers individuals shows that they are so vari- 

'Keyee: Proc. Acad. Nat. Bci. Phila., 1BS9, pp. 2S4-29S. 
' Syst. Anim. sans Vert., 1801. 
' Conch. Syet., vol. ii, 1810. 
•Min- Conch., vol. i, 1814. 
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able and that the gradations are so complete that the generic 
limit&tioQB heretofore osuall; aSEigiied are clearly untenable. 

Briefly stated the general characters of StraparoIluB are : 
Shell rather thick, planorbiform, or depressed conical, broadly 
and often deeply umbilicated ; whorls angular or rounded, 
usually closely coiled, but often barely in contact ; aperture 
sharply pentagonal to sub-circular ; labrum generally sharp. 
The surface of the volutions is for the most part smooth, or 
showing only numerouB lines of growth ; but Bometimes with 
one or more distinct longitudinal carlnte. 

Passing now to the species represented in the locality already 
mentioned it is found that they are six in number; four of 
which are from the Kinderhook beds, and one from each of 
the two divisions of the Burlington limestone. Perhaps the 
most typical form of the series is S. maeromphalui Winchell, 
[figB. 4a, 4b, 4c], a shell of medium size, with about four reg- 
ularly rounded volutions and the spire more elevated than in 
any of the other five. It is of considerable interest to note the 
close relationship of this species and certain congeneric forms 
from the Devonian rocks, particularly S. cyelostonvui (Hall) 
described from Iowa City, sixty miles to the northward from 
the city of Burlington and just beyond the limits of the Iowa 
Sub- Carboniferous area. This type finds ita extreme develop- 
ment in StraparolluB (Euomphalua) springvalentit (White), 
from the Kinderhook beds of Humboldt county, Iowa, in 
which the apire is very much elevated, the umbilical cavity 
exceedingly deep and the volutions numerous. 

Associated with S. macrompAaltis is S. barriai Winchell 
[figs. 5a, 5b, 5c]. It is nearly of the same size as the preced- 
ing, but hae the spire somewhat more depressed, the umbilicus 
smaller, and the upper portion of the body whorl slightly 
flattened giving rise to an obtuse but noticeable angularity 
near the sutural line. A much smaller species also found at 
this locality is S. ammon (White and Whitfield), which isvery 
similar to the Spergen Hill, Indiana, form — S. (BuompAalut) 
epergenenais (Hall). 

In the oolitic band of the Kinderhook the large S. obtusua 
(Hall) [figs. 2a, 2b, 2c] occurs, hut is not common. The shell 
is composed of about six volutions, the upper surfaces of which 
are in the same plane, as shown in fig. 2c. The umbilicus is 
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consequantly exceedingly broad acd shallow. The whorls are 
regularly rounded espeoially in the younger examples, but the 
larger indi^idualB often show a decided tendency to become 
Bubangular. In most of the specimens the turns are barely in 
contact and in many cases even separated towards the aper- 
ture 80 that there is, especially in internal casts, a striking 
resemblance to those evolute planorbicular forms for which 
Sowerby proposed the term Phanerotinus- 

The two remaining forms to be mentioned are both fi-om the 
beds of the Burlington limestone — the one occurring only in 
the lower part, and the other only in the upper. The first is 
S lotus (Hall) [figs, la, lb] and is by far the largest species 
known from the locality, frequently having a diametric meas- 
urement of more than eight centimeters. The whorls above 
are nearly on a level and are sharply angular towards the 
sutural line and alao just above the periphery, making the 
upper surface transversely flat or slightly concave. The 
carinEC are manifestly thickenings in the shell as exhibited in a 
cross section [Bg. lb] and as also shown by the regularly 
rounded natural casts of the interior of the shell. The volu- 
tions may also have an obtuse angularity below. 

In S. roberti (White) [figs. 3a, 3b] the apical parts are 
depressed below the upper surface of the outer whorl, thus 
giving additional prominence to the carina; ; while the umbil- 
icus is correspondingly more shallow. 

It has been suggested that the latter form was the genetic 
successor of S. latus, and this is probably the case since the 
stratigraphy of the locality indicates that the various layers 
were laid down underpracticallythe same physical conditions; 
and the testimony furnished by the exceedingly rich and 
varied fauna of the area amply corroborates the same conclu- 
sion. This would rather point to the assumption that the 
fauuEB of the so-called Upper and Lower divisions of the Bur- 
lington limestone, and perhaps also even of the Keokuk in 
the immediate neighborhood, were closely related biologically 
and that they were not merely occupants migrating to the 
district at different times from divers localities which belonged 
to faunal regions having no actual relations. 



Fig. 



EXPLANATION OF PLATE. 

StraparuUut latut (Hall) . la. Viewof a 
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(from above}. 16. TraDBTeree section of same. Lower 

BnrlingtoQ limestone. 
Fig. 2. S(7-aparoiI«»o6(iHiM(Hail). ?a. A larce specimen. 2b. Trans- 

veree section of eame. KinderhooK oolite. 
Fig. 3. Strajiarolhif roberti (White). Sa. An example of medium 

size. Sb. Transverse section of same. Upper Burlington 

limestone. 
Fig. 4. SfraparoUut macromphalutVf inchell. 4a. A large specimen. 

4b. Apertural aspect of same. 4c. Umbilical view of 

another example. Kinderhook beds. 
Fig. 6. StraparoUtit harriiHf) Winchell, 5a. View from above. 

5b. Same from below. 5c. Apertnre of same. Kinder- 
book beds. 



THE USE OP THE TERMS LAURBNTIAN AND NEWARK 

IN OEOLOOICAL TREATISES. 

By c. U. Hitchcock, Hanover, N. H. 

In the January number of the American Geologist Mr. 
Joseph F. James endeavors to persuade geologists to use the 
term Laurentian for the marine Quaternary terrane forwhich 
the name Champlain ig commonly employed. His reason is 
that the word Laurentian (in distinction from Lawrencian) 
was applied to this terrane by E. Desor "about the heginning 
of the year 1851," and before the same name had been sug- 
gested for the great fundamental crystalline system of rocks 
by W. E. Logan. This is in obedience to the right which a 
man has to claim the adhesion of others to bis own original 
suggestions. This reason is a good one, hut circumstances 
may render the canon nugatory, as is exemplified in the name 
of our continent. By right of discovery it should be called 
Columbia; yet everyone a&ya America. 

It is to be regretted that Mr. James did not examine my 
reference to the publication where Mr. Desor proposed the use 
of the name Lawrentian.' I quote the essential parts of the 
communication. "Mr. Desor called the attention of the 
society to the deposits of marine shells in Maine, on lake 
Champlain, bnd the St. Lawrence, and to the question of 
their probable origin." After correctly describing certain 
localities near lake Champlain and the St. Lawrence river it 
is added, "Mr. Desor had thus been led to the opinion that 
the sea had once filled the St. Lawrence, lake Ontario, and 
lake Champlain. As the deposits in these localities do not 
' Proc. Boston Soc. Nat. Hiat., vol. in, p. 357, 1850. ' 
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in the opinioQ* of the geological party to which he was 
attached, tielong to the true drift, they had proposed for them 
the name of the Lamentian deposits, and he hoped the term 
would l)e accepted by geologietB generally.' 

Prof. H. D. Rogers waa present and commented upon these 
clays and sands as he had seen them on the St. Lawrence and 
in New England and said, "The name offered by Mr. Desor he 
was very ready to receive as applicable to a local deposit;" 
and he says in the "Geology of Pennsylvania," 1858, vol. ir, 
p. 775, "This marine Pleistocene formation has been appro- 
priately named by professor E. Desor the Lawrentian clay." 

In the communication of Desor to the Geological Society of 
France, quoted by Mr. James, p. 31 of the Geologist, he says, 
"As the deposits of this kind are most developed in the valleys 
of the littoral Atlantic, and particularly in the valley of the 
St. Lawrence and of its affluents, I have proposed to designate 
it under the name of Lawentian terrane to distinguish it 
from deposits containing fresh water fossils." W. E. Logan 
in his Report of Progress of the Canadian survey for 1850-51, 
under date of Aug. 20, 1851 (p. 8), speaks of this same marine 
deposit to which ^'Mr. Desor * * • * is disposed to give 
the name of Lawrencian." 

These quotations indicate that Mr. Desor intended to name 
this terrane after the valley of the St. Lawrence river. The 
question arises, what is the adjective derived from it? The 
English form is Lavyrendan, while the French is Lauren- 
tian. There should therefore be no controversy as to which 
of these modes of spelling is the correct one. H.D.Rogers, 
W. E. Logan, Z. Thompson, J. W. Dawson, and others, as well 
as Desor himself in his original proposal, use the English form. 
It is therefore improper to chide the reporter of the sub-com- 
mittee upon the Quaternary for quoting Desor as the author of 
the term Lawrencian. 

It does not concern us now whether it was judicious for 
Logan to suggest the name of the same sound for the funda- 

' It will be noticed that Deaor'a spelling is neither Laurentian nor 
Lawrencian, but Lawrentian, and Rogers spells it the same way. 
But Logan, Thompson and Daweon, his cod temporaries, livioK on the 
terrane, understood the word correctly. The letter w decides the 
orisinal intent to have been to use the English word, since this letter 
is not used in the French language ; while the t and c are commonly 
interchangeable. 
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mental gneiea ; but it is clear that he took pains to derive the 
term hora the Laurentide mountaine. He says, (Report of 
Progress, Canada, for the year 1852-3, page 8), "it has been 
considered expedient to apply to them for the future, the more 
distinctive appellation of the Laurentian series, a name founded 
on that given by Mr. Garneau to the chain of hills which they 
compose." From hia standpoint Laurentian wae the proper 
term for the great system, and any use of a homophonous 
word for an insignificant terrane should not stand in its way. 
The geological public have thoroughly endorsed him. Prof. 
Dana used Laurentian for the Quaternary terrare in hie pres- 
idential address before the A.A.A.S., in 1855, but later in his 
Manual of Geology and elsewhere uses the same word for the 
crystallines and Champlain for the clays. 

Is it not an axiom in geological nomenclature that if the 
proposer of a new term makes a mistake in orthography or 
etymology, it shall notdeharthe originator's claim to priority? 
In Agaesiz's Nomenclator Zoologicua one recalls scores of 
instances in which an error of derivation is rectified, and the 
genus spelled differently from its first proposal, but it is still 
credited to its author. Now it was evidently intended to 
name this terrane after the St. Lawrence valley. Should it 
not, therefore, be more correctly written the St. Lawrencian 
terrane? The river is not the Lawrence river, whether written 
in French or English, and therefore the St. should be prefixed. 
It need hardly be added that with such correct rendering 
there would never be any conflict with the term Laurentian as 
applied to the crystalline system. 

Should it ever be found desirable to discard the name Lau- 
rentian, as applied to the older rocks because of its preoccupa- 
tion by another word, I would respectfully invite the attention 
of bibliographers to a term that precedes all others, viz., to 
Atlantic, as proposed by Featherstonhaugh in 1835. This 
gentleman in a report to the government upon the "Elevated 
country between Missouri and Red rivers," urged the necessity 
of giving a general name to the chain of mountains, as well as 
to the formations composing them, occupying the region of 
the primitive rocka of Maclure. It ia the Blue Ridge, Alleghany 
mountains, ete. He saya,' "It will be apparent, I think, to 
every geologist, that as this primary chain is the true boundary 
of the sedimentary rocka lying west of it, and forms so impor- 

* FefttberBtonhaugh's Report, 1636, p. S3, Second edition. 
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tant a feature in the mineral structure of the country, it should 
receive a clear geological deeignation ; and as it looks upon the 
Atlantic coast in its whole course, I shall propose the name of 
the Atlastio Pbiuasy Chain." Further sentences make it 
clear that he excludes the Cambrian of Sedgwick from this 
appellation. I have gone into this subject in detail in my 
report upon the geology of New Hampshire.' While W. B. 
Rogers objected to this proposition in 1836, H. D. Rogers 
accepted it in a measure ' in 1858. 

It may be noted that Mr. Desor disclaims the origination of 
the application of the term Lawrencian, referring it to "the 
geological party to which he was attached." " JXej/ had pro- 
posed," etc., this name of Lawrentian. The reference was 
undoubtedly to Foster and Whitney, the government geologists 
of the lake Superior district, in whose employ Desor was at 
that time. I can not find the term used in any of the reports 
upon lake Superior, though it is claimed ae original by Prof. 
J. D. Whitney in connection with Mr. Desor." 

It appears that the views of Mr. James condemnatory of 
those geologists who neglect to say Laurentian for a part of the 
Quaternary are not shared by his colleagues upon the U. S. 
Geological Survey, since Mr. W, J. McGee has taken the pains 
to devise a new expression — the "Columbian formation" — to 
represent its equivalent in our nomenclature. This can not be 
from lack of familiarity with Desor's paper, since he has 
referred to that one which has correlated the Laurentian of the 
north with the Pleistocene of the south. The term Champlain 
has been in uae formanyyears to embrace both the littoral and 
marine deposits now referred to the Columbia. 

The attempt to revive the local name of 'Newark, N, J., for 
the Triassic system of the Atlantic coast, seems to be unadvis- 
able for many reasons. Firit. An essential feature of a name 
derived from a geographical locality is that the terrane should 
be exhibited there in its entirety or maximum development. 
The territory of Newark does not contain one-fourth part of 
the thickness of this sandfitone, and that which is ^asible is 
only a fraction of this fourth. Had Mr. Redfietd used the 

' Geology of New Hampshire, vol. i, p. 525. 
'Geology of Pennsylvania, vol- ii, p, 747. 
' Amer. Jonr. Sci., ii, vol- 23, p. 314. 
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name of Paisaic, in allusion to the river of that name, which 
flows over the entire system, it would have been truthful and 
comparatively unobjectionable. Second. The name of Con- 
nectieut or Connecticut River sandstone han precedence over 
Newark, My father is acknowledged to be the first of geol- 
ogiats to have understood this terrane, and he identified it with 
the Trias or New Red sandstone of Europe. This was before 
the days of putting geographical names upon groups of strata 
in this country ; but he and others constantly used the expres- 
sion of Connecticut sandstone or its equivalent. The following 
gentlemen have made use of this expression in their writings 
before the lime of Re<lfield's proposal in 1856, though none of 
them have formally pro]>osed it as a geological term : E. Hitch- 
cock, Sir Charles Lyell, Dr. James Deanc, Dr. S, L. Dana, Dr. 
Joseph Barrett, Dr. C. T. Jackson, Dr. John C. Warren, T. T. 
Bouye, and Prof, Jeffries Wyman. Third. In his lectures 
before the i-lass of 1S57 in Yale college Prof. J. D. Dana 
adopted the name of Newark for these sandstones, and presum- 
ably on other occasions. In his Manual of Geology published 
in 1861, and the later editions, he makes no allusion whatever 
to the name of Newark. These facts show that this gentleman, 
whose authority is second to none, saw fatal objections to the 
use of Redfield's name. Prof. O. C. Marsh in presenting a table 
in Dana's Manual to show the succession of vertebrate life, for- 
mally uses the name of Connecticut River sandstone. This 
usage is not cited in support of a claim for priority. FouHh. 
While the New Jersey terrane possesses the distinguishing 
features of the Trias, (juite as well as the one in New England, 
it is fitting that the local geographical name should be derived 
from the latter, since that was the field of discovery of the 
fossil footmarks whicli has given the Connecticut valley an 
honored reputation throughout the scientific world. Mr. Russell 
has presented a long list <tf authorities who have written upon 
the Trias, and it is observable that only one of them has used 
the name of Newark — and that was the writer who proposed 
the use of the name. It seems hardly for the good of science 
to attempt to resuscitate a term that everyone has avoided 
using. Fiftfi. In the language proposing the new name for 
the terrane, the author finds it necessary to explain that these 
New Jersey sandstones arc thoroughly identified with those of 
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the Connecticut valley by footprints and other fossils- 
Connecticut sandstones are hence the original patten 
which we are to judge of the dimensions and qualities c 
the other terranes. What can be more fitting than to i 
this original pattern the standard of comparison for all the < 
Triassic areas? It seems inappropriate, however, to att 
to use either local designation for any of these rocks wt 
the Mifsiflsippi. 

THE OLACIAL GEOI'OGY OF THE IRONDEQUOIT REG 

By CnAEr.ES R. Dsvkr. FoM Wayne, lud. 

At the very head of the great bight on the south she 
lake Ontario opens the mouth of a narrow gorge which exi 
some ten miles into the land. The lower half of it is occi 
by the waters of Irondequoit Ijay, the mouth of which i: 
mile wide and now nearly closed by a sand bar. The 
rapidly narrows to less than half a mite, but in its uppei 
abruptly widens to three-quarters of a mile. Above the 
of the bay the gorge is prolonged southward to the villa 
Penfield, but there is no evidence that the bay ever occi 
the whole of it. The walls rise on either aide to a hij 
170 feet and are everywhere of drift worn into characte 
forms of knob and peak. The lateral ravines in the i 
half of the bay reveal the presence of Clinton and Ni: 
shales and limestones a few hundred feet back from the 
and rising nearly to the level of the country on either 
The real phenomenon to be considered, then, is a rock j 
partially filled and marked by drift. Its limits can be ap 
imately outlined and prove to enclose a space one mile 
at the top ; the depth of the drift at the bottom is unki 
but the bay is in some places 70 feet deep, so that the 
depth of the gorge can not be less than 2.50 feet. It is 
shaped and resembles the basins of the "finger lakes." 
blocked at the south end by a precipitous wall of drift, si 
its actual length can be determined only by boring. 
Irondequoit river enters at the southeast comer by a set 
rapids. 

Twenty miles south of the head of the bay the Ironde 
basin is enclosed by a glacial moraine of strong featurei 

'American GaoLooisr, March, \«69, p. 178. 
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large proportions. It forms an irregular V, broken by valleys 
into three Bections. The eastern section extends ^om a point 
south of Fairport to the village of Victor. It is a range of 
drift bills two or three miles wide, seven miles long, and 
rising near its center, at the Turk's hill station of the U.S. 
Lake Survey, to 6S1 feet above lake Ontario. The southern 
section is separated from the eastern by a narrow valley and 
extends from Victor southwestward seven miles to the village 
of West Bloomfield, where it is banked up against a ridge of 
Hamilton shale. This section rises near its middle to a bight, 
in Hopper hill, not inferior to Turk's hill. The western sec- 
tion is an isolated group of extremely irregular hills in the 
townships of Meodon and Fittsford. It is separated from the 
other sections by a level interval of three to four miles and is 
prolonged northeastward by a series of parallel drumlin-like 
ridges nearly to the village of Pittsford, a point directly 
opposite the north end of the east arm of the V. The basin 
of the Irondequoit river is enclosed by these moraines except 
in two places. The narrow valley between the eastern and 
southern sections opens into the valley of Mud creek, which 
is the head of the Oswego river. The wider interval between 
the southern and western sections is continuous with the 
valley of Honeoye creek. 

The opening between the ends of the V, two and one-half 
miles in width, is almost closed by a kame which extends 
from Cartersville on the west to and beyond BuEbnell's basin 
on the east. The north end is a sharp ridge of very coarse 
gravel, fifty feet in hight, one mile long, and in shape like a 
rude fish-hook. It is separated from the southern portion by 
the channel of Irondequoit river, which has cut the kame 
completely in two. In the southern portion the gravel is over- 
laid by fifty feet of fine sand which spreads out toward the 
southeast in a sheet a mile or more in width. This kame 
forms a dam across the valley, complete except for an interval 
of less than one-fourth of a mile on its western side. The 
Erie canal avails itself of this kame to cross the valley and by 
a fifty-foot embankment restores what probably once existed 
as a natural feature. South of the kame the valley is as level 
as a floor for three miles up the stream and was evidently 
once the site of a lake whose waters were held back by the 
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kame as a datu. Within half a mile north of the CartersTille 
kame a diffiised deposit of sand begins and soon aesumes the 
shape of a massive and well defined ridge which extends north- 
ward two miles and ends abruptly at the bank of Allen's 
creek. 

Perhaps the most remarkable feature of the region is the 
so-called "sugar ioavee," They are ieolated, conical, sand hills, 
rising from the bottom of the Irondequoit gorge to a bight 
level with the top of its walls or nearly bo. Two small ones 
stand near the bead and a group of four large ones three miles 
below. The latter are islands surrounded by channels of the 
stream. The most symmetrical one is an almost perfect cone 
20 rods in diameter and 160 feet high. Such sharpness of out- 
line and high angle of slope in a pile of sand is rendered some- 
what leas marvellous by the fact that the cones are covered by 
a growth of pine trees and deciduous shrubs. How these 
forms originated is an interesting and difficult question, but 
certain features of the surrounding region seem to throw light 
upon it. The sugar loaves evidently form a part of the Iron- 
dequoit kame system, the larger group being a continuation in 
a direct line of the above described kames. That all are rem- 
nants of one originally continuous kame is an assumption 
warranted by their structure and position. Again, two of the 
cones are almost connected with the east wall of the gorge by 
curved ridges of the same material, now no more than half as 
high and cut off from the cones by channels of the river. In 
short they are unusual if not unique forms resulting from the 
general laws of drift erosion, here acting under peculiar con- 
ditions. In the washing out of the drift from the gorge paral- 
lel tributaries left high narrow ridges between them, while at 
the same time shifting channels of the main stream, at first 
flowing at a much higher level than now, cut a cone oS from 
the end of each ridge. They are analogous to the buttes, mon- 
uments and other erosion forms of the Rocky Mountain plateau. 
The whole region is extremely suggestive of questions as to 
the origin of the peculiar forms of knobby drift, and the laws, 
processes and limitations of drift erosion, problems which do 
not seem as yet to have been adequately considered. The 
Irondequoit cones seem to the writer to stand as dumb but 
eloquent protests against any theory which would assign a 
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length of 80,000 years to the period during which they have 
bees subjected to erosion. 

Between the Irondequoit gorge and the Geneeee river south 
of Rochester lies a remarkable range known as the Pinnacle 
hills- They extend from the river a little north of east five 
milee in a line directly toward the group of larger cones. The 
range is simple, straight, Bymmetrical, regular except for some 
serration, devoid of spur? and completely isolated on all sides 
by a level plain. Its highest point rises at the U. S. Lake 
Survey station 502 feet above lake Ontario and about 200 feet 
above its base. The lower half is composed of coarse gravel 
and the upper half of sand. Its position indicates that it 
belongs to the Irondequoit system, and its structure shows 
that it is a gigantic kame, differing only in size and direction 
from those before described, the axis of which it would inter- 
sect near the sugar loaves. 

The Irondequoit gorge undoubtedly had its origin in the 
channel of some preglacial river. Present appearances point 
to the Genesee as its original occupant, since from the Pinna- 
cle hills to its mouth the present channel of that river is post- 
glacial; but the length of the gorge and the path by which the 
river reached it are both equally buried in raystery. The 
poBsibility that it may have given passage to a river which 
flowed southward into the Susquehanna is not unworthy of 
consideration. This conjecture receives some support from 
the fact that the line of maximum depth in lake Ontario 
approaches the south shore with a sharp angle at a point just 
opposite the mouth of the bay.' At some time in the latter 
part of the glacial period a more or less independent lobe of 
the ice sheet, intermediate between the glacier of the Genesee 
and that of the "linger lakes," pressed through the gorge, 
which it widened and deepened, and maintained itself long 
enough to form, with the help of its neighbors, the moraine 
twenty miles to the south. When the glacier retreated it left 
the valley and gorge blocked with drift which has since been 
removed to the extent described. The washing out has been 
accomplished chiefiy by the Irondequoit river when its volume 
was much greater than at present. 

There is, perhaps, no equal area in the world where all the 

' See map opposite p. 279, Wright's "Ice Age in North America." 
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peculiar features ot drift topography are so fully exhibited. 
Winding ridgea, maaaive domee buttressed and scored with 
ravines, flat-toppod buttes with precipitous walls and reenter- 
ing angles, conical bills, dimpled plateaus, deep glens and 
secluded valleys, "soap-disheB" and kettle-holes of perfect 
symmetry, — all in the greatest profusion and variety, form a 
landscape of strange and peculiar beauty. The Mendon bills 
constitute a morainic island from the peaks of which all these 
features may be seen at a single glance. They include a clus- 
ter of five small but typical morainic lakes. "The ridge," a 
former shore line of lake Ontario, intersects the Irondequoit 
gorge two miles above its mouth and ends abruptly on the 
brink, the gap between the cut ends being one mile wide. 
Either the entire excavation of the present drift gorge has 
been accomplished since this shore line was formed, or the 
loop which it may have made around the head of the bay has 
been obliterated. 



NOTE ON A SPECIMEN OP CONVLARIA MIS80VRIENSJ8 
SWALLOW, WITH CRBNULATBD COSTiB. 

By a. Cii.viH, Iowa City. 
A very interesting specimen of Conularia from the horizon 
t of the St. Louis limestone in Brown county, Illinois, has late- 
ly come into my poBsession. This specimen agrees in nearly 
all essential particulars with the form doubtfully referred 
by Meek andWorthen (Geol. survey of Itl\, Vol v, p. 541. Plate 
22 Fig. 5,) to Conularia missouriensig Swallow. I have not 
seen Swallow's type specimen, and in the absence of figures it 
is impossible to compare the specimen before me with Swal- 
low's species. There ie little doubt, however, that this is the 
form described by Meek and Worthen, W ci't., and yet inthe 
description of these authors special emphasis is placed on the 
"apparently smooth, sharp, transverse costse," and on the ap- 
parent absence of crenulations on the coata and spaces be- 
tween. Fortunately in this new specimen a part of the surface 
is in an excellent state of preservation, and shows that in this 
remarkably large and, in the main, plainly ornamented species 
of Conularia, the sharp edges of the transverse costie were very 
distinctly crenulated, the crenulations taking the form of a 
row of minute, blunt, rounded prominences along the snmmit 
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of each sharp, camiated rib. It id asciumed that the smooth 
edge? of the costtt in the i<pecimeD described by Meek and 
Worthenweredae to weathering. The f^ame smooth conditiou 
of thecoatie obtains over part of the sorikce in the specimen be- 
fore me. Moreover it is hardly conceivable that two species 
shoold occur at the same horizon differing from each other in 
nothing but the presence or absence of coats crentilation?. If, 
however, it should be proved on farther investigation that the 
surface of the specimen used by Meek and Wortben was intact, 
then the differences in the two forms may b« recognized by 
calling the one represented by the sabject of tbi^ not« Conn- 
laria mixnonriejigiit, var, hersmani. 



Bj PEKSiroB FauKB, Philadelphia. 
It is well known to the readers of the Geologist how the 
congress at its last session in London decided to postpone its 
meeting in Vienna until after the session in the United States. 
At the time this decision was taken nothing had been said 
about a quadricentennial world's fair to be held in this coun- 
try, so that when this question arose it became necessary to , 
consult the bureau or governing body of the Congress in order 
to ascertain whether or not it was the desire of the foreign 
members to postpone the session which ought to be held in 
1891 until 1892, and in order to give the visiting European 
geologists an opportunity to see this fair and to attend the 
Congress at the cost of one journey across the Atlantic. 

The following responses were received from influential mem- 
bers of the Bureau constitutiog in the aggregate more than a 
majority of that body. 

These aDswers are condensed from letters covering in some 
cases four and five pages each. 

Prof. Joieph Preitwick, president of tlie Congress, has taken steps to 
ascertain the opinion of the officers of the Congress and will commu- 
nicate more definitely later. 

Dr. J. W. Ilulke and Ur. W- TopUy. Have consulted most of the 
English members and And the general opinion to be gainst any aoch 
postponement for two reasons: (1) It is undesirable to make any 
alteration in the date of the meeting nnlesi absolutely necessary [a« 
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in the case at Berlin). (S) The business of the Coagrees miaht suffer 
from the distractions incident to a world's fair. If the Amencon com- 
mittee, however, desires the postponement these gentlemen will talte 
the neceasar; steps to secure the formal sanction of the Cougresa. 
The American committee should obtain the opinions of Beyrich, 
Capellini, Dewaltlue, Uauchecorne, and Kenevier. 

Prof. T. McKtnnu Uuahei. Personally I have no objections to the 
postponement to 92 if it recommends itself to your committee, but 
before answering categorically I wish time to consult other members 
of the last sesaion- 

G. Dewalqitf. While the exposition will bring more geologists /o 
the Congress ita distractions will turn their attention from its work. 
Besides a decision of the Congress should not be changed without 

Save reason. Butthe committee on organisation is best able todecide 
is question and we shall abide by its decision. 

E. Bti/rich. The postponement of the Congress will be desirable if 
it secure a aesaion during the continuance of the world's fair. 

(?. Capellini. Tbe idea of making the date of the Congress and 
Exposition coincide has been found excellent by all my colleagues 
whom I have been able to consult. I was asked in France by many 
geologists to urge this postponement. It appears that the Englishmen 
are not of this opinion but it is to be hoped that after the vote of the 
majority they will agree to the postponement to 1892. You may 
regard my vote for it as that of all the Italian geologists interasted in 
the Congress. 

E- Renevitr. I have absolutely no objection to the postponement of 
the Consress to 1892. 

C. LeNeve FoiUr. It will be well to adjourn the session from 1891 
to 1892 in view of the probability of the international exhibition in 
America during the latter year. 

C. Barroit. Personally I prefer '92 to '91, but the Americans should 
decide. 

K. Martin. The postponement of the Congress on the ground pro- 
posed seems desirable. 

/. F. N. Delt/ado. I adopt on the question of the postponement 
entirely the views of the signers of the letter of inquiry. 

A. de Lappnrent. My personal opinion is that there is every advan- 
tage in causing the date of meeting of the Congress to coincide with 
that of the proposed exposition by the United States. 

Dr. ZilUl. I would leave the decision entirely to the American 
organisation committee and will agree with any conclusion to which 
it may come whether to hold the meeting in 1891 or 1892. 

/. Viianoiia. I give my complete assent to the happy thought of 
convening the Congress in 1892 and promise my attendance. 

A. InO'trameff. I Gnd the idea very felicitous of adjourning the 
Congress to 13^, and send you my consent. 

Jf . Newmayr. Before answering your circular I addressed a note to 
some of the most authoritative of our geologists. The unanimous 
opinion (which I share) Is that there is no objection to such post- 
ponement if our American colleagues think it useful to the objects of 
the Congress. 

J. Siabfi. I think the proposition sufficiently called for, and I have 
the honor of declaring my support of it. 

F. Oiordano. It is my opinion and that of several of my colleagues 
from here that it is advisable to postpone tbe Congress from 1891 to 
1892 which is to meet at Pbiladelphia. 

T. H. Huxley. My answer to your letter of the 22nd of November 
has bevn unfortunatelv delayed in consequence of my absence from 
home. As you may be aware ill health prevent«d me from being 
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present at (he meeting of the Congreae in LondoD or from takioK sji; 

Cart in its subsequent proceedings. In reply to yoor inquiries, there- 
ire, I can only say that I shall acquiesce id the demands of the major- 
ity of my colleagues, 

T- SUrry Hunt. I think it well to postpone the Congress to 1892. 
Pertifor Frazer. If the world's fair is to be held in 1892, it would 
seem unquestionably belter tu postpone the next session of the Con- 
gress till tlien, but if (as seems not improbable) the world's fair itself 
is to be adjourned until 1803, the date &xvd by the Congress itself 
should stand. lam in favor of leaving the decision to the committee 
OH organisation. 

G. If. Williami. I am in favor of postponing the meeting till 1862 if 
the international exhibition is held in that year. I do not, however, 
thinlt that the meeting should be put off later than 1S92. 

It will be seen that a strong preponderance of opinion ia in 
favor of poBtponing the session for one year. Few of the 
voters have expressed any opinion as to the postponement for 
two years, because probably this possible contingency did not 
suggest itself, but all those who have taken it into account are 
opposed to a two years' postponement. In view of these facts 
it is well to consider that the strong probabiHty ia that the 
meeting will take place as first designed, in September, 1891, 

The time seems very short to prepare for this eventuality. 
When the Congress at Berlin was over, the British committee 
acting through Mr. Topley immediately took steps to inform 
scientific bodies throughout the world of the place and 
date of the next one, and to in\'ite them to become subscrib- 
ers to this Congress, holding out the indurcment that in this 
manner the full proceedings and published documents would 
be sent to such subscribers at the nominal price of their sub- 
scription (10 shillings). Over a score of such notices in differ- 
ent forms were printed in the scientific journals of America 
and in this way there was a larger subscribing membership 
from the United States than from any other part of the world 
(except perhaps England). It was intended that these sub- 
scriptions should raise an important part of the expenses and 
lighten the burden of those who contributed money outright 
for defraying the necessary expenses of the Congress. 

The London session was not as expensive as the Philadel- 
phia session will be for many reasons, one of the strongest of 
which is, that in America we have made it our habit to do 
things of this kind on a scale of liberality which may in part 
atone for our newness as a nation. What Chicago is to the 
eastern cities of this country, that is the United ytates to the 
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countries of the old world. Rightly or not we have made for- 
eigners expect this of ub and we must keep our reputation up 
or forfeit it. Now the expenses of the London session were 
chiefly of four kinds, viz : 

The expenses of installation in the University of Loudon, 
printing circulars, printing the volume of proceedings, etc, etc., 
were eBtimated to reach about 6,000 dollars, but it has been 
found that they fell but little short of 6,000 dollars. 

But the expenses have exceeded the estimates and the com- 
mittee finds itself lacking £150 to £200, say about $1,000. 

Nothing is allowed here for the rent of rooms or the expenses 
of excursions- The University of London furnished the halls' 
for the collections and for meeting, luncheon, etc., without 
charge, and those participating in the excursions paid each 
for himself, though doubtless at a reduced rate. 

Without these expenses, which must necessarily be included 
in the expenses of a local committee in this country, the 
expenses of the London committee for the four items enumer- 
ated amounted, roughly speaking, to about $6,000. 

If any attempt is made at entertainment and excursions 
& I'americaine here our expenses can not well be less than 
double that amount and the committee which must raise it 
could hardly begin too soon. 

But there are other facilities which London enjoyed that are 
nottobefound to anything like the same extent inthis country. 
Among these are printing and proof reading of scientific mat- 
ters in French, German and other languages ; constant and 
inexpensive transportation to and from the meetings. These 
things must be provided by special arrangements which must 
necessarily be paid for by the local committee. Mr. Topley 
gave his earnest and practically his undivided attention to the 
last Congress for many months beforehand and during its 
session, and has been busy with its volume, etc., ever since. 
During the session Dr. C. LeNeve Foster, an admirable French 
scholar. Dr. Charles Barrois, and Mr, I'abbc Rdnard spent 
every night far into the morning hours in order to correct the 
proof of the Proems Verbal of the Council and that of the 
Congress of that day, which were laid on the desks of the mem- 
bers of those bodies on their assembling at 9 and at 10 
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o'clock respectively next morning. Without such efficient 
help as that of those gentlemen, and especially of Dr. Barrois 
who r^Bum^d with rare tact and judgment the remarks of 
those who could not epeak French before the Congress, it is 
difficult to perceive how the work could have been carried on. 



THE OBOLOOICAL HISTORY OF THE QUEBEC OROUP. 



The history of the Quebec group fills a considerable place in 
American geology, and I have been at some pains to write 
and to publish elsewhere the principal facts regarding it. As 
the questions involved therein are still imperfectly understood 
it has seemed proper to me as the only survivor of those wh6 
were present at the naming of this group, and aa the one who 
wrought its downfall, to rehearse briefly its history. 

In the American Journal of Science for February, 1890, is a 
review by Mr. Charlea D. Walcott of a second report by Dr. R. 
W. Ells, of the Canada geological survey, on the geology of 
parts of the province of Quebec, wherein he treats of the nn- 
crystalline fossilifcrous strata named by Logan the Quebec 
group, and aiao of the crystalline schists adjacent to them in 
the hills on the east and south, described by Logan as being of 
contemporary age, and the result of a so-called metamorphosis 
over a large area of the lower portions of the same Quebec 
group, and hence mapped and designated by him as the Al- 
tered Quebec group. The reviewer refers to this region of east- 
ern Canada as "the battle ground where Logan and his adher- 
ents have been finally driven from position to position until 
there is now little left to defend of what seemed in 1863, a well- 
supported position." Ells moreover, after his studies of the 
foBsiliferous rocks of the group, concludes, according to Wal- 
cott, that the farther use ()f the name of Quebec group for the 
uncrystalline strata in question "appears not only undesirable 
but to a certain extent objectionable," although the terms 
Levis and Sillery may be retained for the subdivisions. 
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We are riext invited by the reviewer "to consider the breakii^ 
down of this elaborately constructed geological group, built 
up by the labors of Sir W. £. Logan and his associates, Mr. E. 
Billings, Dr. T. Sterry Hunt and Mr. James Richardson." Sel- 
wyn, we are told, "began the work of disintegration when he 
showed in his report for 1877-78 that the rocks of the Canadian 
extension of the Green Mountain (or Sutton Mountain) range 
and its northeasterly extension were arranged in an anticlinal 
instead of a synclinal form as supposed by Logan. This re- 
moved the keystone on which the stratigraphic structure of 
the altered portion of the Quebec group was based." The 
crystalline schists were now referred to a "pre-Cambrian 
group, probably Huronian;" and whatSelwyn had previously 
called a Volcanic group (unrecognized however by Logan and 
his assistants) was imagined to be pre-Carabrian. 

Besides the false conception with regard to the stratigraphi- 
cal structure, according to Ells, "another source of error, and 
probably the most considerable, was the assumption that the 
metamorphic rocks of that area must of necessity be the equiv- 
alent of the unaltered sediments of the St. Lawrence region, a 
theory which once suggested seems to have been unhesitating- 
ly maintained, although for its support unnecessary inversions 
of strata and profound chemical changes were requisite." Still 
farther Ells has tjhown, according to Walcott, with regard to 
the uncrystalline Quebec group, that "the order of succession 
was inverted by Logan, and that the Levis series is conform- 
ably superjacent to the Upper Sillcry (Lauzon of Logan) 
while the Lower Sillery forms the base of the section in the 
vicinity of Quebec." 

There are thus embodied in the preceding paragraphs four 
important propositions : 

i. The crystalline schists of the Green Mountain range and 
of its prolongation northeastwards in the province of Quebec — 
the so-called Altered Quebec group — do not form a synclinal, 
and are not metamorphosed paleozoic rocka, but on the con- 
trary constitute an anticlinal axis of ancient strata, "pre-Cam- 
brian and probably Huronian" in age. 

2. The uncrystalline fossiliferous strata along the western 
and northern flanks of this range are newer rocks of Cambrian 
and Ordovician age. 

3. The order of these newer strata was mistaken by Logan, 
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who placed the Sillery at the BUtnmit and the Levis at the 
base, whereas the true Biicceesioii shows the Sillery at the 
base, followed comfonnably by the Lauzon, the Levis being 
at the summit. 

4. The name of the Quebec group should be rejected in 
geology. 

To all of these propositions I assent most heartily, the more 
so that I have maintained them nearly twenty years, for the 
' most part single-handed, and on every favorable occasion. 

A slight acquaintance with the history of geological opinion 
as to the crystalline rocks of the Greeu Mountain range and 
their relations to the adjacent uncryetalline sediments 
would have shown our authors tliat the views advanced 
concerning these two classes of rocks were not simply 
those of "Logan and his adherents," but of the majority of 
American geologists for the past fifty years. Amos Eaton and 
Ebenezer Emmons had, it is true, taught that the region of 
crystalline rocks in luestion constitutes an ancient anticlinal 
axis, and that the uncrystalline sediments along its northern 
and western bawe were deposited unconformably upon these 
old rocks and were iu part made up of their ruins. The doc- 
trine of regional metamorphism, then and since carried to great 
lengths both in Europe iind in America, was, however, adopted 
by Mather ; whose large quarto volume on the geology of the 
Southeastern District of New York, published in 1843, was at 
once generally accepted as authority, so far as New York and 
western New England were concerned. The continued east- 
ward dips observed in the paleozoic strata east of the Hudt-on 
and the supposed gradual transition of the uncrj'stalline sedi- 
ments into (Tystalline schists led Mather to assert that these 
latter were nothing else than the upj)er portion of the Cham- 
plain division of the New York paleozoic series, or the so-called 
Hudson elates in an altered eonditiou. This view was cited 
with approbation in 1844 by H. I). Rogers, who, in company 
with his brother, W. B. Rogers, attempted to show in 1846 that 
the gneisses and mica-schists of the White Mountain belt, ly- 
ing to the east of the Green mountains, were still newer rocks, 
and represented probably the horizon of the Oneida, Medina 
and Clinton of the New York series, Chas. T. Jackson moreover 
in his volume on the geology of New Hampshire, in 1846, while 
he declared that the White mountains constitute on axis of the 
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primary rocks, regarded the crystalline achista of the Green 
mountains as altered pHleozoic etrata, the metaniorphosis of 
which he declared to have l>een effected by intrusive eerpea- 
tines and intrusive quartzites. 

As regards the geologicnl horizon of the paleozoic Bedimenta 
in question, we may note that Amos Eaton maintained the ex- 
istence in the region in debate of two distinct series each con- 
sisting principally of argillitos and sandstones, which he called 
the First and Second Graywackes, much resemblingeach other; 
the first of these being below the horizon of the Trenton 
limestone, and the second above it, or between this same and 
the Niagara limestone. The absence of such a Graywacke se- 
ries in parts of New York below the Trenton led Mather to 
deny its existence, and to confound in one group the First 
and Second Graywackes along the Hudson valley, under the 
common name of the Hiulsnii slates (called collectively by 
Vanuxem, the Hudson-River group) ; which were assumed to 
he the equivalent of the Loraine shalew, with the addition of 
the Utica shale below and the Gray or Oneida Bandstone.above- 
Mather's view of the post-Trenton ago of the whole of the 
Hudson River Graywacke and of its extension north and east 
through Vermont to the city of Quebec, was accepted by James 
Hall, by C. B. Adams, by W. B. Rogers, and for atinie by Em- 
mons himself; who, in his final report in 1842 on the geology 
ofthe Northern District of New York, deHcribes the rocks at 
Quebec as Loraine shales with their overlying sandstones, 
which he speaks of as extending from the valley of the»Hud- 
Bon through eastern Vermont to the city of Quebec. Inanoth- 
er chapter of the same volume, however, Emmons reverts to 
the teaching of Eaton, and in his subsequent writings includes 
these rocks in the First Graywacke — his Upper Taconic serica. 
This view, however, was not accepted by other geologists. 
James Hall continued to maintain Mather's doctrine of the 
post-Trenton age of the Graywacke series in question. C. B. 
Adams, charged with a geologieal survey of Vermont, held in 
1846 that the Red Sandrock of that state, "now included by 
Emmons in the First Graywacke or Upper Taconic, is of "the 
period of the Medina sandstone and the Clinton groups," 
•vhile W. B. Rogers, in 1851, considered that limestones, 
vhicb near Burlington, Vermont, are associated with this Red 
Sandrock are probably "of the Medina group." 
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When, th«ii,m 1847, Logan began the examination of the 
belts of cryetaliine and uncrystalline rocks from the frontier 
of Vermont to the vicinity of th« city of Quebec, he Earned 
no new hypothesia, but adopted without question, the views of 
Mather, Hall, Adams and Rogers as to the post-Trenton ags 
of the uncrystalline sediments, In like manner he accepted 
Tinheaitatingly Mather's hypothesis of their stratigraphic&l 
equivalence with these of the crystalline schists of the Green 
Mountain range, sustained as it was by the approval of the 
Messrs. Rogers and of C. T. Jackson. Logan, constitutionally 
diffident, and venturing in a new field, was disposed to defer 
to those whom he, like myself, his young assistant in the cam- 
paigns of 1847-49, had been taught to regard as authorities not 
to be questioned. Hence it was that the limestones and argil- 
litea ofPointe Levis were described as Hudson-River gronpi 
supposed to beyounger than the Trenton limestone of Beau- 
port, while the great mass of 2000 feet of Sillery sandstone, ap- 
parently overlying these, was regarded as the equivalent of the 
Oneida or Shawangunk sandstone and conglomerate of New 
York ; as may be seen in the little colored map in the Eqvisae 
Q4ologi<jue du (7(m«(i(t published in Paris in 1855. The crystal- 
line rocks adjacent to the south and east were in like manner 
designated as Altered Hudson-River group. The doctrine of re- 
gional metamorphism being then taken for granted, and at the 
time scarcely questioned, I sought for proof of it alike in the field 
and in the laboratory, and found in the composition of certain 
detrital beds near the crystalline schists, then regarded as 
beds of passage, evidence apparently confirming the meta- 
morphic hypothesis. 

In the views of his masters, then implicitly accepted, Logan 
made in his life-time only a single change, one forced upon 
him by the results of the paleontoiogica! studies of Billings, 
which showed that the so-called Hudson-River group at Pointe 
Levis was really, as Eaton and, in his later view, Emmons had 
maintained, not post-Trenton in age, but pre-Trenton. and be- 
longed to the First Graywacke of Eaton. It is unnecessary 
to remind the reader that subsequent researches have shov 
the same to be true of the greater part of the sedimentai 
rocka in question from the valley of the St. Lawrence 
thitt of the Hudson. 

Logan's first acknowledgement of this conclusion was in 
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latter to Barrande, dated in 1860 but published March 1861, to 
the effect that certain fossiliferous strata included in the Hud- 
son-River group at Quebec had long been maintained by Em- 
mons to be older than the Trenton, adding '"The foesila which 
have been obtained this year [1860] at Quebec pretty clearly 
demonstrate that be is right." Instead, however, of calling 
these Upper Taconic with Emmons, or First Graywakce with 
Eaton, Logan proposed in his letter to Barrande the name 
of Quebec group, of which the apparently overlying Sillory 
sandstones constituted the summit, the great underlying mass 
of shales and hmestone being called the Levis, and an inter- 
mediate division being subsequently proposed with the name 
of Lauzon. With the exception of this change in horizon of 
the group rendered inevitable by the progress of paleontologi- 
calstudy, and the corresponding change in name, no alteration 
was made in the views of Logan, which were still those of 
Mather. The Hudson-River group of the latter was found to 
be pre-Trenton and was named Quebec group, and the crys- 
talline schists were henceforth called Altered Quebec group 
instead of Altered Hudson-River group. 

But the way was slowly preparing for the overturning of 
the whole hypothesis of Mather, and the etitablishment of the 
older view of Eaton and Emmons with regard to those crys- 
talline schists, as well as to the uncrystalline sediments. My 
studies of the crystalline rocks of the Ottawa and the great 
lakes had shown close resemblances between certain of these 
rocks and the crystalline schists of the Green Mountain range 
as seen alike in New England and in Quebec, and I was led to. 
consider carefully the teaching of Eaton and of Emmons, that 
this range is itself a primitive or pre-Cambrian axis more 
ancient than the uncrystalline sediments along iti^ western and 
northern base. I had found and described in 1857 in con- 
glomerates interstratified with the fossiliferous beds of the Hud- 
son-River group at Pointe Levis fragments of purplish and green- 
ish lustrous schists, apparently chloritic, and had moreover de" 
scribed in 1861 the presence of pebbles of green and bluish 
slates in conglomerates of the Potsdam age near the outlet of 
lake Champiain ; in both cases evidently derived from rocks 
of greater antiquity, apparently the primitive schists of Eaton.' 

'See History of Cambrian and Silurian in Chemical and Geological 
Ettaye, page 400. 
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In 1862 Thomas Macfarlane, who was familiar with the crys- 
talline schists of Norway, which there underlie the Cambrian, 
compared them with those of the Green Mountain range and of 
the great lakea already noticed, and concluded that they are all 
essentially similar, litJiologieally. Eigsby, the earliest scientific 
observer of these rocks in the North west, moreover announced in- 
dependently, in 1863, their apparent identity with the crystal- 
line schists of Scandinavia. In the Geology of Canada 1863, 
I called attention (p. 705) to thcBe resemhlancea, mentioning 
that the crystalline echiete of the north shore of lake Super- 
ior "recall the strata of the [altered] Quebec gro\ip," 

The whole question of their probable identity, and of the 
great antiquity of these crystalline schists of the Green Moun- 
tain range as evinced by the pebbles and fragments found at 
different localities in the uncrystalline lower paleozoic sedi- 
ments was at that time repeatedly discussed with Logan, but, 
as I have elsewhere said, "official reasons then and for some 
years afterward prevented the writer from expressing any dis- 
sent from the views of the director of the geological survey of 
Canada." It was not until after having spent some months in 
1869 and 1870, in geological studies along the southern coast 
of New Brunswick, and made examinations at various points 
on thecoasts of Maine, Massachusetts and Khode Island, that I 
ventured to declare in October 1870, in a communication to the 
Boston Society of Natural History, (Proceedings XIV, 45i 
46,) entitled "Notes on the Geology of the ricinify of Boston," 
that the crystalline schists (previously described as altered 
Devonian), which near St- John, New Brunswick, underlie 
unconformably the Cambrian sediments, belong to the same 
series as those underlying such sediments near Boston ; clausing 
them moreover with similar crystalline rocks at Newport, 
Rhode Island, and on the coast of Maine. It was then said '"to 
the same series I refer the great range of gneiasic and dioritic 
rocks with serijentines, chloritic, talcose and epidotic schists 
which stretches through western New England," that is to say, 
the Green Mountain range. In a farther notice of this series of 
rocks in February, 1871, it was added, "they apparently belong 
* * • to the great Huronian system," (Amer. Journ. Science 
III., 1, 84). See also Azoic Roris, being Report E., second geo- 
logical survey of Pennsylvania, page 114. Having reached 
this point, the attention of Logan was once again invited, and 
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I proposed to Berve as his guide to the more important locali- 
ties, a proposition which he abruptly refused. Advancing 
years and failing health made him unfit to bear any question- 
ing as to the correctness of the views which he had bo long 
maintained as to the Green Mountain range, and the conse- 
quence as is known to many, was a severance of the intimate 
and friendly relations of half a life-time and my withdrawal 
in June, 1872, from the geological survey of Canada, after 
more than twenty-five years of service. 

The above conclusions as to the Green Mountain rocks were 
reiterated and enforced at length in my address in August 

1871, as retiring president of the American Association for 
the Advancement of Science, which the reader may consult in 
the published Transactions, and also in my volume of 
Chemical and Gcolo'jicdl EsMi/sunAer the title nf "The Geology 
of the Appalachians." It is there said, "Although I have in com- 
mon with most other American geologists maintained that 
the crystalline rocks of the Green mountains and the White 
Mountain series are altered paleozoic sediments, I find on a 
careful examination of the evidence, no satisfactory proof of 
such an origin, but an array of facts which appear to me in- 
compatible with the hitherto received view, and lead me to con- 
clude thatthe whole of our crystalline schists in eastern North 
America are not only pre-Silurian but pre-Cambrian in age." 

These conclusion.-; were arrived at and pulilished while I 
was yet an officer of the geological curvey of Canada. They 
were, moreover, ex]ilained at length on many occasions to Sel- 
wyn, already in 1870 director of the survey, who was furnislied 
with my various publications on the question in 1870,1871, 

1872, 1876 aud 1878, and soon began to investigate the argu- 
ments urged by me against the metaniorphic hypothesis main- 
tained by Mather and by Logan, as to tlie crystalline rocks of 
the Green Mountain range. The result was that in 1878 I was 
able to write "The investigations of the geological survey of 
Canada during the years 1876 and 1877, have, according to 
the director of the survey, demonstrated the correctness of 
the view so long maintained by the writer, that the crystal- 
line rocks of the Green Mountain series belong to a more an- 
cient system, which underlies unconformably the uncrystal- 
line Cambrian sediments of the Quebec group.'" 

"Azoic Rocks Rep. E., Second Geol. Survey of Penn., p. 198. 
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Moreover as appears from the official report of the First In- 
ternatioaal Geological Congress, held at Paris in September 
1878, after a communication by myself on the crystalline 
rocke of North America, Selwyn, who was present, made 
some remarks which were thus resumed. "As to the crystal- 
line rocks, which form the Green Mountains in the province of 
Quebec, they are according to Sir. W. E. Logan, altered 
paleozoic strata, making part of the Quebec group. Mr. Sel- 
wyn however feels it his duty to say that the recent research- 
es of the geological survey of Canada have coniirraed the cor- 
rectness of the view maintained for some years by Mr. Sterry 
Hunt. These crystalline rocks appear to belong to a more an- 
cient terrane than the fossiliferous strata of the Quebec 
group and probably form the equivalent of the Huronian.'" 

C. H. Hitchcock who had for some years maintained a 
similar view, published in 1877his final report onthe geology of 
New Hampshire wherein he calls the Altered Quobec group of 
Logan Huronian and in the second volume morever gives a map 
of New England and eastern Canada in which the areas of the 
Green Mountain series in Vermont and New Hampshire are de- 
scribed and represented as Huronian. To say as Mr. Walcott 
has done that "Selwyn in his report of 1877-78, [dated and pub- 
lished in 1879] began the work of disintegration" in the Quebec 
group, by showing the anticlinal structure and the unconform- 
able infrapositiun of these crystalline rocks is so obviously con- 
trary to all the facts of the case as to require no comment. Sel- 
wyn's recognition of these facts and his frank avowal before the 
International Geological Congresis in 1878 was neither more nor 
lessthanafinal surrenderonthepart of Logan's successor to the 
persistent attacks upon the famous hypothesis of Mather and 
Logan, begun by me in 1857 and 1861, and supported by Mac- 
farlane on Hthological grounds in 1862. The view finally formu- 

'"Quant aux roches criat^llinee qui forment les Montagnes Vertes dans 
la province de Q»ebec ellea seraient d'apr&s Sir William Logan des 
couches paleozoifjnesftlter^esfaisnntHpartiede la groupe <Ie Quebec. M. 
Selwyn croit devoir dire cependant que lea rfirherchea recpntes de la Con- 
misBi'in G^oloiiique du Canada ont confirm^ lajusticede la vuesoutenue 
depiriB qnelques anoi^ea par M. Sterry Hunt. Cee rochea cristaltineB 
aemblent done appart«nir it unterram plus ancien que lee couches 
fossilif&res do groupe de Quebec etprobablemeut forment I'^quivalent 
du terrain buronien," Mr. Selwyn, having spoken in English the 
tbankn of the president were triven to Mr. Ch. Barrois who thus re- 
sumed them in French (loc. cit. pp 233—234.) 
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lated by me in 1870 and 1871 was but a return, fortified by a great 
accumulation of stratigraphical and lithological evidence, to the 
old conclusion that the Green Mountain range represents an anti- 
clinal axis of primitive schists, as shown by Amos Eaton in 
his engraved seotiona published in 1824, and again in 1832, and 
constantly maintained and taught by him and by Ebenezer 
Emmons. 

Having thus disposed of the question of the age and struc- 
ture of the Green Mountain range we come to the more particu- 
lar history of the uncrystalUne sediments, of the vicinity ofQue- 
bec, as seen in the sections of Sillery, the island of Orleans and 
Pointe Levis. Whether referred to the Second or later to the 
First Gray wacke, whether called Hudson-River group or Quebec 
group, the apparent succession, as described by Logan in this 
typical region.was assumed to be the true one. The massive and 
apparently overlying sandstoneof Sillery was declared to be the 
newest and the LeWs division the oldest of this great series of 
strata. From many years of careful study of this vicinity, and of 
other out-crops of the same rocks elsewhere, I was however led 
to an opposite conclusion, which so far as I am aware was first 
set forth in 1872, when it was said : "If, as I am dispoKed to be- 
lieve, the southeastward-dipping series of the older strata 
near Quebec exhibits the northwest side of an overturned and 
eroded anticlinal, in which the normal order of the strata is 
inverted, then the Lauzon and Sillery divisions which there ap- 
pear to overlie the Levis limestones and shales are older rocks, 
occupying the position of the Potsdam, or of still lower mem- 
bers of the Cambrian." Billings in a private communication to 
me in 1876, a little while before his death, expressed his ap- 
proval of my view, which was in accordance with his paleon- 
tological studies. 

The same view was again set forth in a note on The Quebec 
group in Geology, read before the Boston Society of Natural 
History, October, 1876. (Proc. xix pp. 2-4.) Therein it was ex- 
plained that the aeries of rocks to which Logan had given that 
name near the city of Quebec have a measured thickness of 
over 5000 feet and dip at a high angle to the southeast. "The 
whole was described by Logan as having originally occupied 
a position conformably beneath the Trenton limestone of the 
vicinity, and as having been brought to the surface by a great 
break and uplift of the strata. The speaker however showed 
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in 1871-1872, that this fault was imaginary, and that the Que- 
bec group really occupies a position xmconJormaUy beneath the 
Trenton ; moreover that the series near Quebec ie inverted, 
being probably the northwest side of an overturned anticlinal, 
ao that the Sillery is in fact the oldest member of the series 
and was followed by the Lauzon and the fossiliferouB Levis 
limestone, to which succeeded the graptolitic shales, the newest 
portion of the Quebec group." He then referred again to the 
testimony of Billings aB to the greater anticjuity of the few 
organic forms (Oboldla and LhujuUi) found in the Sillery. Af- 
ter discussing at some length,by the help of numerous sections 
and by comparisons, the relatione of the Cambrian rocks of 
Great Britain and of Scandinavia to the so-called Quebec group, 
"it was urged that the name given by Logan to this group 
should be rejected as misleading, although that of Levis, as 
designating a horizon of fossiliferous strata of Tremadoo age, 
might bo advantageously retained in American geology, care 
being taken to distinguish it from the Quebec grarptolitic zone." 
The faunal relations of this group of strata I have discussed 
more at length in Report E of the second geological survey of 
PenuBylvania, where itissaid : (p. 112.) "The great continental 
belt of rocks originally designated Hudson River group, and 
subsequently called Upper Taconic and Quebec group, has 
already afforded us at least three distinct faunas: 1. That 
of the Red Sandrock or so-called Lower Potsdam; 2. that of 
the Levis limestone,and '6 : that of the Phyllograptus shale of 
Quebec." Still another fauna is found in certain black slates at 
Famham, Quebec, at first referred by Logan,from their appar- 
ent infrapoaition.to the Potsdam, being "at one time conceived 
to underlie the whole Levis or Orleana section, and were still 
placed near its base. From their foasile however, these slates be- 
long to a horizon above that assigned to the Quebec group, and 
correspond to the Trenton or the still higher members of the 
Champlain division." [loc. cit., pp., 116, 119.] Further eouth, 
in the Hudson valley, within the apparent limits of the so- 
called Hudson-River group, are other areas of similar strata of 
Ordovician age, carrying the fauna of the Loraine shales and 
thus affording a certain justification for the frequent use in 
times past of the name of Hudson River group as synon- 
omous with Loraine shales. The area of Silurian rocks at Be- 
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craft's mountain, near the town of Hudson, and other related 
cases, most not be forgotten. 

When geologiste abandoning the hypothesis of Mather re- 
cognize the fact that in the area mapped by him and his 
disciples as belonging to the Hudson-River group, there exiets 
a great development of more or less fossiliferous strata alike 
of Cambrian, ofOrdovicianand,more rarely, of Silurian age, — 
that the Cambrian strata are greatly disturbed so that their real 
Bucceseion has been frequently misunderstood — and moreover 
that they are overlaid, unconformably by Ordovician strata, 
which were affected by latter movements, and in the local ab- 
sence of the massive Trenton limestones are often confounded 
with the subjacent Cambrian, some of the confusion which 
inow perplexes workers in that region will be removed. 

The weighty testimony of James Hall in this connection 
in 1862 should not be lost sight of. Referring to the evidence 
of organic remains then recently found in the Hudson- 
River slates in Vermont and Canada he remarks that they 
"prove conclusively that these slates are to a great extent of 
older date than the Trenton limestone" adding that "the 
occurrence of well known forms of the second fauna — Zepitetia 
sericea, Orthis testudinaria, Ataphus (laotelus) Trinucleut, 
etc. — in intimate relation with and apparently constituting a 
part of the series along the Hudson river, requires some 
explanation. Looking critically at the localities in the Hudson 
valley which yield these fossils we find them of limited and 
almost insignificant extent. Some of them are at the sum- 
mits of elevations which are synclinal axes • • * • where 
the remains of newer formations would naturally occur. 
Others are apparently unconformable to the rocks below, or 
are entangled in folds of the strata, • • • • while the 
enormous thickness of beds exposed is almost destitute of 
fossils." The graptolites of the Hudson valley "which have 
hitherto been referred to the age of the other fossils found in 
the small outliers, or to the second fauna, in reality hold a 
lower position and belong to the great mass of slates below." 
Inasmuch then as the Hudson-River strata in their typical 
localities are, as a body, older than the Trenton limestone, 
which is itself older than the Loraine shales and the shales 
and sandstones of Pulaski "the term Hudson- River group can 
not be properly extended to these rocks, which on the west 
aide of the Hudson are separated from the Hudson-River 
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group proper bj' a fault not yet fully aecertained." ' In sub- 
sequent examinations of the region by Logan and Hall con- 
jointly a narrow belt of Loraine shales was traced along the 
- east side of the Hudson to a point a little above Hyde Park 
where the boundary between the two formations crosses to the 
west bank, and the rocka of the older series thence occupy 
both sides of the Hudson down to the Highlands. (Azoic 
Rocks, pp. 120-121.) 

In concluding the note of 1876, cited above, it waa said "the 
author many years since pointed out that the fossiliferous 
Levis strata near Quebec hold in their conglomerates pebbles 
from the crystalline Huronian rocks which were described by 
Logan as altered Levis and Lauzon rocks. These crystalline 
schists were by Logan maintained to belong to this horizon 
because they are in some places overlaid by Sillery sandstone, 
but inasmuch as it now appears that the Sillery is realty the 
lowest member of the Quebec group, it is clear that these crys- 
talline schists must belong to a more ancient series." 

It is to be noted that while the Second, or what we may call 
the Ordovician Graywacke,haa for its lower member the Utica 
slate overlaid by the Loraine shale and terminated by the 
massive Oneida sandstone and conglomerate this order is re- 
versed, in the First or Cambrian Graywacke, the Upper Ta- 
conic as defined by Emmons, a massive sandstone there form- 
ing the base of the series. For the rest, the general lithologi- 
cal resemblances between the two Graywacke series are such 
that as we have seen, Emmons from the apparent stratigraphy 
of the Quebec section was at first led to refer it to the Sec- 
ond Graywacke, a determination accepted without hesitation 
by Logan, who shared in the general mistrust and disfavor 
shown to the later conclusions of Emmons until convinced at 
the end of 1860 that the contention of the latter with regard to 
the Upper Taconic wastrue. Meanwhile, accepting the metamor- 
phic hypothesis of Mather, which maintained the transforma- 
tion of the Levis and Lauzon sedimentary strata into crystal- 
line schists, the small amounts of oxyds of titanium, chrome 
and nickel, of magnesian silicate (and even the distinct por- 
tions of serpentine) found in certain beds of the Sillery divis- 
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ion weie explained aa dae to the penetration of a m^Btflriom 
process of metamorphisni into the superior member of the 
sedimentary series, rather than to the acctimulation of dethtal 
matters from the older crystalline schiatB in the basal member 
of a new and nnconformable group of uncrystalline sedi- 
ments. ' 

Park Avenue Hotel, New Tork, March 1, 1890, 



THE HAKINQ OP PENNSYLVANIA. 

Bjr S. w. Ct-ayfolb, AkioQ.O. 
Fftrt Tha Vixtt. 

The beautiful Keystone State has a long and eventM 
history. Ages before her bell tolled forth the birth of a nation 
— ages before her Quaker Patron landed on the shores of the 
Delaware, negotiated his bargain for cheap land with the na. 
tive tribes and founded the city of brotherly love — ages before 
the yet earlier Swedo-Finnish colony settled at the meeting of 
the two streams — even long ere the Red Man or that other and 
earlier race whose remains are found in the gravels of New Jer- 
sey had come upon the scene, the ''Making of Pennsylvania" 
began. The story of her development from the most distant 
date yet discernible by the telescope of geology to the com- 
mencement of her occupation by man, though at present a 
mere outline, is yet of great interest not merely to the geolo- 
gist but to every one who feels any curiosity regarding the 
processes — by which the earth of to-day has been evolved. 

The geological history of Pennsylvania divides itself into 
two great eras— the palteozoic and the post- pal Ecozoic. These 
may be defin^id for our present purpose as the eras before and 
after the end of the Carboniferous period. The cessation of 

Those who wish to stady the present qnestion will find besides the 
two papers from the Proc. BoBton Soc. Nat. History in 1870 and 1870, 
already cited, much additional matter in the aothor'a addreaa before 
the Amer.ABBOc. Adv. Science, at Indianapolis in 1871, on The Geognosy 
of the AppalachianB, and in bis essaj' on the History of the nainea 
Camhriaii and Silurian in Geology, in the Can. Naturalist for 1872. 
The latter appeared in a French translation by Dewalque, at Mons, Id 
1875, and botfi are reprinted in the author's Chemical andGeologii:Rl Es- 
says. See also the history, with much detail, in Azoic Rocks, being Re- 
port E., of the Second Geological survey of Penn., 1878, and further 
Geological History of Serpentine, with studies of pre -Cambrian Rocks, 
Royal Soc, Canatia, Vol. I., and The Taconic Question in Geology, 
t6id,VolB. I. and II.; both being reprinted in the author's Minerall'bys- 
iograpby and Physiology. Further, the Taconic Question Restated, 
American Naturalist, Feb., March and April, 1887. 
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the coal-making process on a grand scale was their dividing 
epoch. 

The two volumes in which are recorded the annals of these 
eras contain all that we at present know regarding the etorj 
of Pennsylvania. There maybe, indeed there prohably is, a yet 
earlier volume, a pre-palaeozoic one, but it is not yet publish- 
ed, its materials are not yet collected, and it cannot therefore 
be considered. 

In the earlier of the two volumes above mentioned we read 
accounts that reveal a condition of things so different from 
any now existing that the "oldest inhabitant" of the State may 
be pardoned for failing to recognize bis home. If we could 
restore palceozoic Pennsylvania with any approach to exact- 
ness we should have a series of successive geographies change- 
able as the views in a kaleidoscope. No one of these would in 
the least resemble the state as it now exists, but it would be 
• possible to trace a process of evolution running through them 
aad to discover some of ita results even in the present topo- 
graphy. 

The palieozoic age was long, very long, longer doubtless 
than all the time that has elapsed since it ended and in bo vast 
an era it is of course impossible to present details. Still lets 
ie it poBsible to give at one view more than the merest outline. 
It must suffice to indicate in general terms what was going on 
in the region during the millions of years that flowed by as the 
period passed. 

If with the aid of the telescope of geology we try to sight 
across this long time-interval and realize or fill in the dim out- 
lines of the picture that is brought before our mental eye from 
that far-off horizon we behold the water of a sea covering the 
greater part of what is now Pennsylvania. These waters were 
part of an immense Palieozoic Mediterranean whose northern 
boundry was along the Canadian Laurontides, its western 
somewhere in the region of the RockyMountains and its south- 
ern altogether unknown. Its eastern coast as nearly as can 
be determined lay long the line of the gneissic area in the 
southeast of the state for the most part, through Philadelphia, 
Chester, Lancaster and York counties. 

But the geologist does not pretend to lay down this coast- 
line with exactness or definitencss. The view is so distant and 
interrupted by so many intervening obstacles that only the 
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main features are traceable. He cannot teU how large wae the 
mass of land whose outlines formed the coast whether it was Con- 
tinuous or archipelagic, high or low. Some have thought that 
they could make out a vast continent extending into what is 
now the Atlantic ocean. Others fail to see more than a narrow 
atrip of land ending east ward nearly at the existing coast. Some 
picture high mountain ranges that have been since destroyed 
by erosion. Others see only a low tract more ot less cut up 
into islands of gneiss and schist and slate. 

What we do know is that the bottom of this sea of Pennsyl- 
Tania above mentioned was slowly Bubsiding during the whole 
palfeozoic era, not continuously but intermittently, as the 
wreckage washed off the adjoining iand was dropped into it by 
rivers and currents. Such subsidence under increasing load 
is a common occurrence. It is now happening at the mouths 
of the Ganges and the MissisBippi. Its frequency has euppUed 
a strong argument to those who favor the theory of a yielding 
crust underlaid by a liquid or viscous stratum. But be this as 
it may the fact remains that a region of great deposition is 
usually a region of continued subsidence and if in the present 
case the proof be demanded it is readily forthcoming. In the 
immense mass of sediment laid down in the palaeozoic sea of 
Pennsylvania we find indications of shallow water in ripple 
marks, mud-cracks (&c.,and as these occur at almost every level 
through the whole five or six miles of rock that compose the 
deposit it is evident that every such layer was at the time of 
its formation within reach of surface action. 

Probability not less than evidence indicates that then, as 
occurs now, the marginal coaat-line rose as the sea-bottom fell 
and that thus there was a continuous renewal of the quarry 
from which material could be cut by erosion and of the pit 
into which it could be thrown. 

We may then picture to ourselves all the northern, central 
and western parts of the state iu the early palffiozoic period 
under the waters of a slowly deepening sea and the southeast- 
ern corner as a slowly rising area of land. Beyond this we 
dare not go with confidence. What rivers washed the worn 
material of that land into that extinct sea, where they flowed, 
how large they were and what changes they underwent during 
their long existence — all these matters are left for the future to 
disclose. What rocks then constituted its surface we can do 
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little more than guess. What forme of life inhabited that eur- 
fac& in the earliest time the palEeontologiat has not yet dis- 
covered. The land on which they once dwelt is gone and the 
marginal beds have thus far yielded no trace of any remains 
that chance may have washed into them. AU is blank. 

This land area remained above the water, doubtless with great 
variation from time to time, throughout the whole palffiozoic 
era and afforded, in part at least, the material that went to 
build up the enormous sediments of middle Pennsylvania. If 
total submergence occurred it was neither long nor permanent 
and all evidence of it fails. Successive maps, could they be 
constructed, would show much change of detail but the Pal- 
Eeozoic Coast Survey has not yet begun its labor, haa not indeed 
been appointed and it would be foreign to our porpose to en- 
cumber this sketch with minute and speculative details. 

The Ordovician (Lower Silurian) era passed away with all 
its minor divisions of Calciferous, Chazy, Trenton and Hudson 
River groups and at its close there was a prophetic manifesta- 
tion of Earth-force which outside of Pennsylvania forced up the 
newly deposited strata in western Ohio into awideanticlineex- 
tending from southwest Ontario to Tennessee now known as 
the Cincinnati arch. Rising above water it formed an island 
in the palceozoic sea which existed for a long time, till sharing 
in the general subsidence it ultimately sank and was covered 
with the later deposits of Silurian and Devonian sediments.' 

Though it is usually considered that this manifestation of 
Earth-force failed to leave any discoverable impress on the 
geology of Pennsylvania yet it is somewhat doubtful if this 
opinion is well founded. Certain signs in the southeastern 
part of the state betray at the close of Ordorician time an 
epoch of disturbance of considerable extent and importance. 
A glance at the map shows that these rocks extend much 
farther in that direction than do any of the succeeding paleozo- 
ic strata. Though the exact age of the great limestone rang- 
ing through York, Lancaster and Chester counties is some- 
what uncertain, yet there can he no reasonable doubt that it is 

'It must not be inferred from this general remark that thia solimer- 
;fence was continuous. Probably the Cincinnati l8lan<I existed iuter- 
mitteiitly liuring the whole later pala'nznic era. At times it was cov- 
ered with water and at others dry. In the Hamilton perind for ex- 
ninple it was probalily dry while in Corniferoua and Huron ages it was 
apparently suhmerged. 
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of early paleozoic date. It may therefore be taken as evidence 
that the early palsozoic sea extended over that area. Th« 
abaence of every sign of later rocks is at least an indication 
that they were not deposited and therefore that later seaa 
did not cover that part of the state. The existence of the 
South mountain as a barrier between these two areas 
may he quoted as an additional argument in the aame 
direction. The onsst of a time of enormous erosion of 
eiliceous material whose only discoverable origin, though 
now altogether effaced by erosion, must lie somewhere 
in this region and its deposition as the massive Medina sand- 
■tone again points to an elevation of this portion of the 
state in mid-palseozoic days accompanied with a certain 
amount of folding and crumpling. It is not necessary to 
mdntain that the existing South mountains are of that age 
though this is by no means imposKible. Their apparently 
Cambrian strata have suffered enormous erosion and the axis 
now surviving even if of later elevation, is but a fragment of 
the masB that once existed. This range may be coeval with 
the Green mountains of Vermont and be due to the southward 
extension of the same compressing force. Both may have 
etood above the water from mid-palteozoic time to the present 
day. Both bear all the marks of immense antiquity. 

If this view is correct we have proof in Pennsylvania of a 
paroxysm of disturbance before which the rise of the Cincin- 
nati arch in Ohio sinks into complete insignificance. The 
massive South mountains then become the relics of its eleva- 
tion and the Medina sandstone 2,000 feet in thickness a mon- 
ument to its energy and extent. But the paljeozoic geography 
was not essentially changed. Sea and land on the whole still 
occupied the same areas. 

We can pass rapidly over the remainder of the palaeozoic 
era as it was unmarked by any epoch-making events. The 
formation of sediment and its deposition in the Pennsylvanian 
sea continued through the whole Devonian era. On the top 
of the Ordivician were laid down the Medina sandstone, the 
Clinton and Onondaga shales and the Lower Helderberg lime- 
stones. On these followed the Devonian system consisting of 
the Oriskany sandstone, the Corniferous limestone and the 
thick shales of the Marcellus, Hamilton, (which includes a 
massive sandstone in middle Pennsylvania), Genesee, Portage 
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and Chemung. The indications of slight or temporary changea 
of level during thia long succession, though of much geological 
interest, must not detain us here. But the immense thickness 
of these locks combined with the fineness of their material 
enables us in some degree to realize the enormous lapse of 
time required for their deposition. 

A change then ensued in the nature of the sediment. The 
deposit of line mud was succeeded by the inbringing of sand, 
and the Catskill or Upper Devonian strata were laid down to 
the thickness of 8,000 to 10,000 feet. There are strong reasons 
for believing that these red rocks were formed not in a marine 
but in a lacustrine or aestuarine area and that some geograph- 
ica change had taken place which is as yet unknown but 
which had the effect of cutting off that free communication 
with the open sea that had previously existed. Then followed 
the Pocono sandstone 2,000 feet in thickness, the Mauch 
Chunk red shale 1,600 feet, and the Carboniferous Conglomer- 
ate of about 1,000 feet on the top of which the coal beds were 
formed in succession consisting of alternating strata of shale 
and coal with few limestones and indicating fresh water or 
marshy conditions during a great part of the time. 

The long Appalachian subsidence was still continuing, but 
apparently the supply of sediment from some new source 
enabled deposition to keep pace with it and during the Carbon- 
iferous era we find evidence of alternating conditions. At 
one time the sea which bad survived in the southwest, in 
Indiana, in Illinois, Missouri and Tonnes see, extended into the 
southern and western counties of Pennsylvania, depositing 
marine limestones and marine, shells. Then fresh water 
resumed the area and even dry land supported a rich and 
varied vegetation. Anon these were buried beneath a deluge 
of sand or mud. Again the ground became dry or swampy 
and coal plants flourished. Subsidence prevailing brought in 
the flea from the southwest and a limestone was the result. 
Thus the process continued until a heterogeneoufl mass of 
strata was deposited ranging from 10,000 to 14,000 feet in 
thickness. The picture of the Kej-atone state during this time 
is one that requires much thought and trouble to realize. The 
lonstant and long succession of changes implies not only a 
long time but a condition of instability now unknown. The 
flow of streams or seas of apparently fresh water bearing 
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enormous quantities of sand and burying beneath it the veg- 
etable growth over thouBands of square miles is difficult to 
imagine and the repetition of this over and over again to form 
the many beds thick and thin that compose the coal 
fields of Pennsylvania indicates an oscillation of level quite 
beyond the range of our experience. Yet at the time in ques- 
tion euch seems to have been the condition of things over the 
whole state and even far beyond its limits. The massive 
anthracites of the East, the semi-bituminous coals of Bloes- 
burg and Broad Top and the soft but inexhaustible fuels of 
the West all agree to tell us the same story of the time of 
their deposition, when for thousands and tenH of thousands of 
years the whole middle and western part of the state was one 
vast coal-growing swamp of varying rankness and luxuriance 
but each part contributing its share to the production of this 
staple of Pennsylvania. 

To one familiar with the state or even well acquainted with 
its map the above description of it during the Carboniferoua 
«ra may sound extravagant. Knowing the small area to 
which the coal-fields are limited he may be surprised to hear 
of the prevalence of coal-making over so great a region. But 
probability leads us to the belief that these conditions pre- 
vailed wherever the later palsoioic sea had spread within the 
■tate. The present isolated coal-fields of Pennsylvania were 
probably once connected and a vast series of coal-swamps 
existed from the most easterly point where coal is now found 
across the state to the west, forming a store of mineral fuel 
compared with which even her present liberal supply is iniig- 
nificant. This point will be better appreciated when the 
process of rock-destruction has been considered. 

The end of the palssozoic era was now approaching and 
geology to our eye reveals the stat* of Pennsylvania as one 
dismal, trackless, impenetrable maze of low lying land, of 
Bwamp and morass, of pool and lake, clad with an obsolete 
Tegetation and tenanted by animals whose highest types con- 
sisted of a few reptiles and amphibians. No mountain or 
even hill broke the monotony of her western and central flats 
and if rivers drained them, as they probably did, they wound 
along slow and almost stagnant, in for the most part a south 
©r southwest direction. Subsequent changes have, however, 
BO completely effaced their channels that it is quite impossible 
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DOW to reproduce the hydiography of PeQDSylTaaia aa then 
existing with any degree of certainty. The Appalachian Ber- 
olution, ae Prof. LeConte haa happily tenned the great changt 
next to be described, was at hand and ita iconoclastic zeal 
entirely destroyed nearly all traces of pre-existing conditions 
When it was over, Pennsylvania started on a new career of 
existence. 

The Revolution was on this wise : The Earth-force which 
in earlier days had shown signs of ita intensity again man- 
ifested itself. The vast system of low lands, marshes, pools 
and rivers that we have just described and the massive 
palfeozoic eediments on which they rested, many thoUBands of 
feet in thickness, began slowly to yield to its energy. This 
force, whatever its nature, was exerted from the southeast and 
in a horizontal direction. But it was irresistible. Before it 
the solid and massive paleeozoic deposits from three to seven 
miles in thickness, yielded aa a spread table cloth before a 
pressing hand and rose in gigantic waves or sank in huge fur- 
rows at right angles to the direction of pressure. Stiff as 
these beds were their stifTneas availed them nothing ; heavy 
as they were their weight was as that of a feather before the 
incalculable Earth-force. Their stiffness and their weight 
were as vanishing quantities when compared with the thrust 
that came to bear upon them. Arch behind arch slowly arose, 
trough after trough aa slowly subsided until the whole central 
part of the atate, previoualy flat and monotonous, became one 
complicated system of ridges and furrows where horizontality 
was almost unknown. The greatest intensity was felt in the 
southeast where consequently the arches are steepest. Grad- 
ually their abruptness grows less to the westward and their 
steep slopes flatten down until they disappear. So severe was 
the pressure at the place of onset that not a few of the anti- 
elinaU are actually overthrown, their tops having been pushed 
beyond their bases so that both sides slope in the same direc- 
tion. Thus in the Cumberland valley the successive waves 
are so overthrown and pinched together that there is only one 
continuous dip varying from 50 to 80 degrees across the whole 
limestone outcrop between the South and the Blue mountains. 

The intense compression to which this part of the continent 
was subjected is sufBciently proved by the distorted condition 
of the strata. But another consequence is equally inevitable 
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ihough seldom brought forward. Such ctncapling as above 
dsacribed can not hare occurred without the wholesale trans- 
fer of large areas of the state from one place to another. The 
folding of the strata in the west leBsened their horizontal 
«xteQt and with every succeeding anticlinal to the east this 
shortening of area became greater bo that the previous swamp 
was not only thrown into a series of ridges and furrows but 
theae ridges and furrows were crowded against one another 
nntil the whole mass of the southeastern arches was shoved 
todily forward to the northwest over the deeper rocks below 
it. Carefal computation made some years ago by the writer 
showed that the line from a point in Blair county to a point 
in Cumberland county .crossing eleven of the mountain ranges 
and the Great Valley and now only 65 miles long represents a 
line about 153 miles long before compression took place. Or, 
quoting from the paper alluded to : — 

^'During the compression and corrugation to which the 
mountains of Feonsylvama owe their origin the southeast line 
of Huntingdon county was moved forward two miles, that of 
Mifflin four miles, that of Juniata six miles, that of Perry 
nine miles and that of Cumberland eighty-eight miles. Con- 
«equently the whole of Mifflin count? was shoved at the least 
two miles to the northwest, the whole of Juniata county four 
miles, the whole of Perry county six miles and the whole of 
'Cumberland county nine miles, over the underlying deeper 
strata. The movement of course diminished toward the north- 
west in consequence of the increasing resietatice offered by the 
increasing load and came at length to nothing beyond the 
limits of Pennsylvania. Ohio was the great bu0er-plate 
against which this tremendous Earth-force spent itself. The 
southeastern portion of the district— the Cumberland valley — 
and even probably some considerable area beyond it to the 
southeast felt its first and mightiest pressure. There the 
strata were crumpled, bent, crushed and thereby thickened till 
it became easier to shove them bodily forward than to bend 
them again. They were consequently added as a snow-plow 
in front of the mighty engine and in their turn communicated 
the movement and the crumpling to the northwestern countrj 
beyond them." ' 
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Mass motion to this extent and of this nature is, I think, 
seldom realized as an actual occurrence. But if it is real as 
ahove shown — if strata have slidden bodily over strata for 
miles, and whole counties have heen shoved for long distances 
out of their previous places over "thiuet-planes" lying almost 
horizontal, it is obvious that great lateraJ displacement must 
be recognized as an important geological factor jq disturbed 
regions. A striking illustration may be found in the very 
area now under consideration. During the Appalachian Rev- 
olution or that earlier one in mid-palasozoic days the folds 
composing the South mountain chain actually snapped across 
under the strain, and one part — the northeastern — was shoved 
forward three miles beyond the other — the southwestern. This 
oroas-fracture and thrust may now be recognized in a notch 
of that extent in the mountaiQ-wall of Franklin county near 
Chambersburg. 

How long these stupendous changes occupied it is of course 
impossible to tell, but there are reasons for believing that they 
were not sudden or cataatrophic. They probably progressed 
slowly so that the surface was not much disturbed and they 
may have occupied the whole of the long interval between 
paifeozoic and mesozoic time, or even a longer period. This, 
however, does not now concern us. We have shown that the- 
great sea of Pennsylvania was converted into a swamp and 
flat, and that on this swampy fiat huge arches of bent strata 
were reared to a hight that it is difficult now to realize. It 
remains to show how from this complex of arches the modern 
Pennsylvania has been slowly constructed as mesozoic and 
tertiary time passed by. In other words we may here close- 
the first volume in the histor}'. 



EDITORIAL COMMENT. 

Award op the Haybbn uemobial medai, to PKOif, Jaheb 
Hall, LL.D, The widow of Dr. Ferdinand V. Hayden, lat* 
Director of the U. S. geological survey, executed two years ago- 
the following deed of trust, to which is appended the official 
acceptance of the same by the designated trustee : 

Know all men by these presents that I, Emma W. Hayden, of the 
city of Philadelphia, in commemoration of my dearly beloved husband 
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tke late Ferdinoad V. Hayden, LL.D., and to perpetuate his name and 
for and in coneideratioo of the sum of one dollar, lawful money of the 
TTnited States of America, have assigned, transferred and paid over 
nnto the Academy of Natural Sciences the sum of two thousand five 
hundred dollars, in cosh, to be known forever aa the "Hayden Mem- 
orial Qeological Fund" in trust to hold the same upon the following 
uses, intents and pnrposes, that is to say in trust to hold the same 
and to invest and keep the same inveated in such securities as are 
allowed by law for the investment of truat funds in Pennsylvania, 
such investments to be kept separate and apart from the other funds 
and investments of said Academy and to receive and collect the inter- 
est and income therefrom derived as the same shall accrue and to 
apply ench interest annually, together with a bronze medal of such 
cost and design as the hereinafter mentioned committee shall desig- 
nate which shall be purchased thereout, as a reward for the beet pub- 
lication, exploration, discovery or research in the sciences of geology 
and paleontology, or in such particular branches thereof as may he 
designated, which award and the conditions and limitations attending 
the same and all matters connected with this gift shall be determined 
by a committee to be selected in an appropriate manner by the 
Academy. 

la witueBB whereof I have hereunto set my hand and seal in dupli- 
cate tha eleventh day of April, Anno Domini 1888. 

EmkaW. Haydbn. (Seal.) 

Sealed and delivered in the presence of 
H. H. DiooTT. 
Carl Roybr. 

The Academy of Natural Sciences hereby accepts the trust in the 
above deed set forth and acknowledges to have received from Mre. 
Emma W. Hayden the sum of two thousand five hundred dollars 
therein mentioned. 

Witness the corporate seal duly attested this fourteenth day of April 
Anno Domiui 1S88. 

Joseph Lbidy, President A. N. B. (Seal.) 
Attest: 

Enw. J. NoLAB, Rec. Secretary A. N. S. 

The committee appointed by the president of the Academy 
of Natural Sciences consisted of Prof. Joseph Leidy, M.D., 
LL.D., etc, chairman. Prof. J. P. Lesley, Prof, Angelo Heilprin, 
Prof. Wm. B. Scott, and Dr. Persifor Frazer. This committee 
was called together a few weeks ago and preaented the follow- 
ing report : 

To THE Academy op Natural SciEftcES. The committee 
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ftppointad by the Academy of Natural Sciences to leconunend 
toe award of the Hayden memorial medal for the most impor- 
tant contribotion to the science of geology, has the honor to 
report to the Academy that it has selected Prof. James Hall, 
the state geologist of New York for the honor of receiving the 
first award of this medal. In making the selection the com- 
mittee feels confident that it will hare the endorsement of 
every geologist both here and abroad, but it deems it due to 
the eminent character of the recipient of this medal, and of 
the work which he has done for fifty-eight years and is still 
doing for science that these services should be here formally 
acknowledged. 

Prof. Hall was born at Hingham, Mass., on Sept. 12th, 1811, 
and is therefore now in bis 79th year. He commenced his 
scientific life in 1832 when, after graduation at the Van 
Rensselaer Polytechnic School, he immediately assumed the 
duties of a professor there. His dedication to the special 
branch of research to which he has made so many and impor- 
tant contributions, began in 1836 when he was appointed pro- 
fessor of geology at this institution and the same year one of 
the assistant geologists on the then just instituted geological 
survey of New York. In 1837 he was made state geologist in 
charge of the "fourth division" of the state. His final report 
of this district was made in 1843, and thence with the title of 
state geologist he was placed in charge of the paleontological 
work. From then till 1879 five volumes of the paleontology 
of the measures from the Potsdam sandstone to the base of 
the Coal Measures have been issued. He has prepared a com- 
plete revision of the paleozoic brachiopoda of North America 
which is now in press and which has necessarily required 
researches as far west as the Rocky mountains. 

He was also state geologist of Iowa in 1855. In 1867 he was 
elected state geologist of Wisconsin. He has besides prepared 
monographs on the graptolites of the Quebec group (1865); 
two volumes of the geology and paleontology of Iowa (1858-9) ; 
the chapters on geography, geology and paleontology of Wis- 
consin in 1862 ; Fremont's exploring expedition, Appendix A. 
(1845) ; Expedition to the Great Salt lake (1852) ; U. 8. and 
Mexican boundary survey ( 1857) : U. S. geological exploration 
of the 40th parallel, vol. rv. He has published volumes of 
reports of nrogress ever since 1866 when on the reorganization 
of the N. Y. State Museum he was appointed director as well 
as state geologist. Notable among these are Vol. vi, on the 
Corals and Bryozoa from the Lower and Upper Helderberg, 
and Hamilton — Vol. vii containing descriptions of the trilo- 
hites and other Crustacea of the Oriskanv, Upper Helderberg, 
Hamilton, Portage, Chemung and Catskill, (in fact, eleven 
Tolumes in all). He received the grand cross of the order of 
St. Maurice and St. Lazarus from the king of Italy in 1882, 
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and the Walker quioquenDial grand prize of $1,000 from the 
BoBtoD Society of Natiual History in 1884. 

He is the only surviving founder of the American Associa- 
tion of Geologists which was organized in Philadelphia in 1840 
and out of which grew the A. A.A.S. He was one of the char- 
ter members of the National Academy of Science, and one of 
the original founders of the International Congress of Geol- 
ogists, at all sessions of the latter which he has attended hav- 
ing been elected vice-president representing the United States. 
He was elected the first president of the recently organized 
Geological Society of America. 

He was elected one of the foreign members of the Geological 
Society of London in 1848 and received its Wollaeton medal 
in 1858, and he was elected correspondent of the Academy of 
Sciences of Paris in 1884. 

Probably no one living has influenced to a greater extent 
the domain of invertebrate paleontology, and much of the 
exactitude of knowledge which his researches have introduced 
into the New York reports have made these the standard of 
geological nomenclature and classification throughout Amer- 
ica. 

In this connection a fragment of the history of the relations 
between Hayden and Hall is interesting. 

In 1851 on Prof. Hall's return from a successful geological 
exploration of the upper lakes and the Mississippi valley he 
called upon Dr. J. S. Newberry at Cleveland, Ohio, and was 
introduced to a young man in the latter'a office who had made 
eome interesting collections in the limestone at Sandusky 
and the neighboring country. This young man was Ferdinand 
V. Hayden. His zeal and industry impressed Prof. Hall and- 
his great desire to undertake explorations and the collection 
of fossils prompted the New York geologist to encourage him 
in this purpose. The region of the "Mauvaises Terres" then 
so new and deeply interesting was spoken of and Hayden was 
asked if he had the courage to undertake an exploration to 
that region, which he answered affirmatively. During that 
winter it was arranged through correspondence that Hayden 
was to start in the early spring going up the Missouri in the 
first steamboat of the seiLSon. Some difdculties arose at St. 
Louis through another exploring party of which Prof, Hall 
had not known, and the latter sent Mr. F. B. Meek, at that 
time an assistant and draughtsman in his office at Albany, to 
accompany Hayden. This was Dr. Hayden's first expedition. 
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The collection of fosBils brought down was a very good one 
and they have all passed nsder Dr. Leidy's scrutiny (some of 
them having been illustrated by him) and are now in the New 
York Museum of Natural History in New York city. It ia 
unusual that the man who first gave aid and encouragement 
to a beginner should live to receive the award of a medal 
founded in honor of the latter. 



REVIEW OF RECENT GEOLOGICAL LITERATURE, 

The geology of Ontario, with special rf/erence to economic mimralt- 
By BoBBBT Bbll, B.A.Sc, M.D., LL.D., member of the Royal Com- 
mlasioa on the mineral reHonrcee of Onlario. Toronto, pp. 67. (From 
the report at the Royal CommisBion). This report coneiBts of a con- 
cise general review of the geology of Ontario, epecially enumerating 
the mineral productiona that have attracted attention and the posai- 
hilities of further development. Below the drift are enumerated the 
Devonian, Silurian, Cambrian, Huronian and Lanrentian, with their 
sabdi visions. Their geographic sresB are described, and their 
economic reeources, employing the namee of the formations that were 
applied by the New York geologists. Dr. Bell has personally visited 
and examined very many of these mineral depoBita, and his deBcrip- 
tiena have, therefore, the value and accoracy which belong to the work 
of an eiperienoed geolopBt. 

The cryetalline rocks are embraced under the term Aeoic, and are 
divided into Huronian and Laurentian, each with an "upper" and a 
"lower" portion. Above these are what Dr. Bell calls Cambrian, con- 
taining the Animikie, the Nipigon and the Potsdam. The greater por- 
tion of the developed economic minerals of Ontario are contained 
in the Azoic and Cambrian. 

The Lower Laurentian is apparently barren of metallic ores, but the 
anortbositee, and the gneiaaea and limeetones of the upper eoriee, (the 
equivalent of the gabbra and the Keaabi gneisses in Minnesota) con- 
tain a considerable variety of them. Here are mentioned iron ores, 
graphite and apatite ; but no localities are given where these minerals 
are nuned in the Upper Laurentian. 

In the "Huronian" as defined, including all the rocks from the 
Laurentian to the foBsiliferoua strata of the Primordial, are found by 
far the most of the economic mineral products of Ontario, and Dr. Bell 
styles this the metalliferous terie». Here are mentioned some localities ' 
that promise to be valuable as iron produt^ers. These are mostly north 
of lake Superior, and are thought to be associated with the same 
rocks as those of Tower. Dr. Bell has fallen into a misapprehension, 
however, respecting the iron ore north of Gunfiint lake. It Is found 
near the bottom of the Animikie, whereaa that of Hunter's island is in 
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the Keewatin, and is in the direct line of strike of the rocks from 
Tower. 

Copper and nickel are described at Bruce and Sudbury, and that at 
Sudbury le supposed to be in the northweatern extension of the rocks 
that contain the copper and nickel of the old Wallace mine near the 
shore of lake Huron, and similar nickeliferous copper has iMen observed 
at numerous points intervening. 

Recent discoveries of gold are announced. The Hnronian mine ia in 
the township of Hoss, and the gold is found free and as sj'lvanite (or 
telluride of gold) associated with galena, iron and copper pyrites and 
blende. This la in a quartz vein, and the country rock is a "talcoid 
cbloritic, dioritic aud a little dolomitic schist," with eiliceous ma^ 
netit« and massive dioryte. This is the usual manner of occurrence 
ftt the other numeroua places mentioned in tlie report. Yet in one 
instance, on lake Wahnapitae, it was found in narrow quartz veins 
cutting a highly teldspathic reddish guartzyte resembling fine-grained 
granite, but distinctly elastic. In this respect this deposit resembles 
that of the famous Treadwell mine on Douglass island, Alaska, as 
described by Dr. Geo. M. Dawson and Mr. F. D. Adams in this jour- 
nal.* In general the gold of Ontario seems to be embraced in the 
same (Keewatin) formation as the mines of Michigan near Ishpeming. 

In the same formation are described briefly some unimportant dis- 
coveries of silver and some of argeotiferous galena ; zinc, antimony, 
arsenic, tellnrium, platinum, tin, molybdenum, bismuth and cobalt 
have also been fouud in Ontario in small quantities. 

In the Animikie formation are the great silver mines of Ontario 
northwest of lake Superior. Here silver occurs native, in grains, 
threads and small branching forms, and as argentite in leaves and 
small masses, but occasionally in large crystalline lumps, as at the 
Rabbit Mountain mine. Huntilite and animikite, two new silver 
compounds, were fotmd some years ago at Silver Inlet, near Thunder 
bay in the great Silver Islet mine. This mine has been worked to the 
depth of 1230 feet, the work continuing up to the beginning of 1884, 
the value of the silver extracted having been }3,250,00. The vein in 
the part worked was from 8 to 10 feet in thickness, but in some places 
measured 20 or 30 feet. The vein, which is one of quartz carrying, 
along with free silver, galena, blende and graphite, runs N. 22° W. 
across Burnt island and on to the main shore, crossing a dike of 
diabase trap. The silver was found only in and near the trap. 
Graphite was present in the richest parts of the vein. Hydrocarbon 
gas and water holding chlorides of sodinm, calcium and magnesium 
were strock in the deeper workings of the miue. Grapliite and in- 
lammable gas have since been met within other silver mines in the 
iietrict> 

Bmall quantities of native copper have been found in the Nipigon 
formation on St. Ignace, Simpson's and Battle islands. But on the 

•Ahibican Oeoloout, vol. IV., pp. S4. SS, 
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north nhon of lake Superior it aeemB to be relatively scarce compared, 
with the copper oatpat of the mines on Keweenaw point on the soath 
shore. 

There are many intereeting Keological and mineralogical facto atated 
in this report. On ecientific principles it is rather dogmatic, even on 
controverted queBtione, but perhaps that is nnavoidable in a report 
designed primarily not for geological students but rather for general 
readers and capitalists desiring general information. 

Oeologieal and Ifaturat Hiatory Survey of Canada; Jnnuol Seporty 
vol. III. nem ttrUt, for 1887-88. Montreal, ISS9. This ponderous 
volume of more than 1450 pages, with 35 plates and 16 sheets of mapa 
and sections, is published in two parts, comprising thirteen separately 
paged reports. 

Director A. R. C. Selwyn's administrative report occupies 117 pages, 
Bummariiing the work of the survey during the years 16S7 and 1S8S. 
The professional staff numbered thirty-six, with seventeen other assis- 
tants ; and the appropriation each year was about (100,000. The num- 
ber of visitors to the survey mubeum in Ottawa averaged Sfty-four 
daily; and the director believes that the number wonld be largely 
increased by opening the museum to the public on Sunday afternoons, 
which he recommends. Referring to the objections urged against this, 
he remarks that "in the museum the work, and in the church and 
Sunday school the loord, of the Creator is expounded. 

Dr. George M. Dawson's Report on an exploration in the Yukon dii- 
triet, N. W. T., and adjacent northern portion of Britith Columbia, 1887, 
fills 211 pages, and is accompanied with nine plates and two maps. 
The detailed map of the route traversed, amoanting to 1,322 miles, is 
in three eheeta, on thescale of eight miles to an inch. It extends from 
the Pacific coast up the Stikiue river and across the watershed to 
Dease lake, down the Deaee river to the Liard, thence northwestward 
along the Frances and Peliy rivers to the junction of the latter with 
the Lewes, forming the Yukon, and thence northward up the Lewes 
to its head in the Cbilkoot pass and to Lynn Canal on the Pacific. The 
drainage basin of the Yukon, according (o Dr. Dawson, measures 
about 330,000 square miiee, of which the upper half, approximately, is 
in Canadian territory. He believes the Yukon much inferior in size 
to the Mackenzie, which has twice as large area of drainage, white 
that of the Mississippi exceeds both of these together, though sending 
proportionately less water to the sea. 

The Coast ranges are found to consist mostly of granite and granitoid 
rocks, probably erupted between the Triaaaic and Cretaceous periods, 
as the author has shown for their continuation to the south, near the 
northern part of Vancouver island. The interior region consists mostly 
of Palffiozoic rocks of very varied appearance, probably belonging to 
several subdivisions of the geological scale. Fossils of Cambro- Siluri- 
an, Carboniferous, and Triassic age are reported. Overlying the Car- 
boniferous limestones, and partly interbedded with them, are more or 
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lesB evidently stratifled rocks of volcanic origin, comprieing amygdaloids, 
agglomerates, and other more masaive inat«rialB which apparently 
represent old lava-flows. No nnconformity has been proved to occur 
throtighout the whole of the Palfcozoic series, but the examinations 
were not sufficient to detect anj stratigraphic break nnless of a very 
obvious character. The Mesozoic era is represented also by strata of 
Cretacflons and Laramie age, which rest quite uuconformably on alt 
* the older formations, though they have since been to some estent in- 
volved in their fleztnres. A paper by Dr. Dawson on the glacintioa of 
this district has already appeared in the Auebican Geologist, 
April, 1889, 

Seven appendixes of this report treat of the fossils, plant collections, 
zoology, litbology, meteorology, astronomic observations, and Indian 
tribes. 

The next memoir of this volume is a Report on the geology of the min- 
ing dittriet of Cariboo, Britith Columbia. By Amos Bowman, mining 
engineer; 49 pages, with maps, sections and panoramic views from 
mountains. Cariboo, as a political division, embraces a complete sec- 
tion across the northern interior plateau, from the Cascade range to 
the Kocky mountains, within the Fraser basin ; but the portion speci- 
ally surveyed lies wholly east of the Fraser river, being an area about 
fifty miles square, from Quesnel lake northward. This tract includes 
some of the richest placer mining in the world, having yielded nearly 
half the gold product of British Columbia since 1860, or not less than 
tl5,000,000, chiefly from a few miles in lengtti of auriferous drift in 
several valleys. 

Note to accompany a Preliminary Map of the Duck and Riding ifoun- 
taim in NoTthweitem Manitoba. By J. B. Tybsbll. (PartE, of the 
same report, pp. 16, with map.) 

This report discusses the general physiographic features of a pre- 
viously unknown portion of north western Manitoba and gives a review 
of the glacial and Post-glacial phenomenathat have largely contributed 
to impress on the country its surface characters. It ia divided into two 
distinct portions, viz : An eastern lightly sloping alluvial plain, foi^ 
merly covered by the waters of the post-glacial lake Agaasiz, and a 
western table land presenting a steep escarpment to the east and a 
gentle decline westward towards the present valley of the AsBiniboine, 
in the upper portion of which a post-glacial lake, called "lake Assini- 
boine" is shown to have formerly lain. The mountains or table land 
consist in the main of Cretaceous rocks, but these are overlain by a 
considerable thickness of morainic detritus, in places heaped in irregO' 
lar hills, thickly strewn with gneisaic boulders. After theretreat of the 
continental glaciers towards the Archean area towards ths north and east 
a local nev6 was left on the smumit of the Duck mountains which sent 
down glaciers into the wide valleys cut out by the floods that had 
rushed from the front of the receding continental glacier. Eviden- 
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On the alluvial plains to the east the beaches of lake Agassiz are 
traced northward as far as the Bwan river valley in Lat. 52°, where 
the; appear to still retain the same well marked characters of thoss 
farther south in Minnesota and Dakota. The north end of lake Agas- 
sii has not yet been reached. Its shore lines ascend northward at the 
rate of a foot or more per mile, the highest observed beach (near lat. 
51° 50') being at an elevation exceeding 1,400 feet above the sea, or 
700 feet above lake Winnipeg. Whit« or cream-colored Devonian 
limestones underlie the Cretaceous aeries, and are the bed-rock of the 
country east of the mountain escarpment. 

The map is the flrst Canadian contour map that we have seen cover- 
ing any extensive area, and serves very well to illustrate the varying 
slopes of the country and the position and extent of the gravel ridges. 

Db. Andrbw C. Lawsoij's Report on the geology of th» Rairty Lake 
region, which completes Part I of this volume, has been reviewed in 
the Ambrican Gbolooist, January, 1890. 

In Part II, Mk. E. D. Lioai-l, mining engineer, is author of a Report 
on mintt and mining on lake Superior, 131 pages, with thirteen plates 
and two maps. The district reported is the silver-beariag one on the 
north side of lake Superior between Black bay and Pigeon river. The 
silver ores are the native metal and sulphide or argentite generally 
associated with blende, galena, pyrites, etc., in a gangue of calcite, 
barite, quartz, and flaorite, in a series of fissure veins traversing the 
nearly horizontal Animikie formation. Slack, soft, carbonaceoos 
argillitcs constitute the upper part of this formation ; while the chief 
character of its lower part consists in "the almost entire preponderance 
of siliceous rocks, such as chert and jasper, which are often accom- 
panied by ferruginous dolomites, and themselves all contain more or 
less iron in the oxidized state, at some places carrying so much ms^ 
netite as to constitute almost an iron ore." All the bodies of silver ore, 
so far as known, occur near dykes or sheets of trap rock, and Mr. 
Ingall concludes that "the silver may be derived from them by decom- 
position of some of their mineral constituents carrying minute quanti- 
ties of silver, by waters infiltrating downwards through all their joints 
and pores, and that these waters passing onwards and soaking into 
the permeable parts and minerals of the gaugue in the veins, have 
there deposited their silver contents, the various forms of carbon pres- 
ent in the sedimentary rocks having had some influence in effecting 
precipitation." 

Mr a. p. Low presents a Report on exploration* in Jamet' Bay and 
country eatt of Budion Bay, drained by the Big, Qreat Wftole, and 
Clearwater rivert, 9i pages, with three plates. His observatioDS of 
glacial strife and transportation of boulders accord with those of Dr. 
Robert Bell, showing thatthecontineutalice-sheethad a motionfrom 
northeast to southwest and west across James' bay and onward over 
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the Archfean coantry that forma the watershed hetween Hudeon ba,y 
and lakes Superior and Winnipeg. Daring the receBeion of the ice, it 
appsars to have terminated for a long time near the middle of James' 
bay, its western border accumnUting a moraine there, represented b? a 
remarkable eeries of ielaada of unstratified drift. These include 
Charleton island and others extending a hundred miles north to the 
Twins and Grey Goose islaiid, also the Bear islands, which lie nearly 
a hundred miles further on towards the northwest. They all rise to 
considerable elevations above the sea level, and are composed wholly 
of sand, clay, and boulders, with no bedded rocks in place, good-mc- 
tioDS of sea-cliffB being seen in many places. FoseJHferous marine 
beds are found overlying the glacial drift along the valleys near the 
months of rivers on the east side of Hudson bay up to the bight of 
over 500 feet. Since their formation, which probably took place short- 
ly after the departure of the ica- sheet, the land haa been slowly rising, 
with intervals of quiet, as shown by the terraces cnt out of the drift 
along the high land of the coast. 

Pour appendixes contain lists of plants, of diurnal lepidoptara and 
coleoptera, notes of the breeding habits of certain mammaU, and 
meteorologic observations. 

Second report on the geolagy of a portion of the province of Quebec By 
R. W. Ells. (Part K,) The area here reported on lies to the south of the 
St. Lawrence river, and the report deals largely with the structure and 
stratigraphical relations of the several divisions of the "Quebec 
Group." It has special interest since the geological problems therein 
discussed have formed a fruitful subject for controversy among geol- 
ogists in Canada and the United States during tbe laet forty years. 

The present report is to some extent a continoaUon of that issued in 
1SS6, in which the latest views as to the structure of the rocks of the 
southeastern portion of the province are expressed. These include 
very large areas of the crystalline schists now regarded as of pre- 
Gambrian age, and which in that section have a very considerable 
development, being the northern extension into Quebec of tbe Green 
Mountain rocks. In addition to the description of the geological forma- 
tion found in the area included in the report, which on the map is 
known as the northeast quarter sheet of the province, further informa- 
tions is presented regarding the economic resources of the district, more 
especially in relation to the asbestos deposits and tbe distribution of 
tbe serpentines in which this mineral is found. The forma- 
tions described in this report are five, vie; the Devonian, Silurian, 
Oambro- Silurian or Ordovician, tbe Cambrian and the pre-Cambrian. 
Of these ths areas of Devonian rocks appear to, be of very limited 
extent, only two localities being known, the lat^est of which haa an 
extent of only a few hundred eqnare yards. This outcrop is on tlie 
Chaudi^re river, ;between the Famine river and tbe village of St. 
George ; the second and smaller area being some miles further north. 
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These racke contaia an tkbuadance of fossilB, of which very foil lists ore 
^ven, which appear to represent the basal beds of the system, some of 
the species being common to the upper members of the Silurian as 
well. These outcrops appear to be the remains of a formerly extensive 
and wide-spread development of these rocks of this system, the greater 
part of which has been entirely removed. 

The only rocka referable to the Silurian appear to be certain reddish 
shales which rest upon the fossiliferous Eudaon Riverbeds near the 
St, Lawrence. These are seen on the Becancour river and other 
streams to the north; but as the surface is largely covered with drift 
and' outcrops of each are very rare, the Hmita of the basins must of 
necessity be largely conjectural. No fossils have as yet been found 
in these shales. The Cambro-Silurian includes certain shales and 
limestones which are the continuation to the northeast of those 
doecribed in the previous report, 1636, and which are there character- 
ized by fossila, chiefly graptoUtoB of Trenton -TJtica age. Many of the 
limestones of this series have been found tu contain fossils often deter- 
minable by the microscope, which have also been assigned to the 
horizon of the Lower Trenton. In this system is also now included 
certain portions of the Quebec group, more especially that known as 
the foseiliferons Levis division, as well as a peculiar series of bitumin- 
ous shales and limestones wliich occur in the city of Quebec and on 
the north side of the island of Orleans and which contain a fauna 
apparently of Trenton-Uticaage.but in which many species, not other- 
wise recognized in the Cambro-Silurian sediments of the province, are 
found. The formations of the Trenton, Utica and Hndson River or 
Loraine shales which are well displayed about Montmorency Falls, 
Quebec, and along the St. Lawrence above that city are described 
and very complete lists of fossils from various localities are furnished. 

Under the head of Cambro-Silurian and Cambrian is given a very 
full account of "the Quebec group." A summary of the various views 
expressed by the several writers on the subject, since the first paper by 
Dr. Bigsby in 1827, is presented, and the conclusions arrived at from 
careful study in the field by the author as to the exact stratigraphical 
relations of the several divisions of the group are there stated. From 
this it appears that the fossiliferous Levis portion, formerly regarded 
as the lowest member of the group, is realty the upper, and that it 
overlies the red and green shales and sandstones of the Sillery. This 
is shown stratigraphical ly by a series of sections, first along the St. 
Lawrence above Quebec, between Cape Rouge and Sillery, and by sec- 
tions across the rocks at Levis City, as well as at other points further in- 
land. The evidence of the upp«r position of the Levis thus presented 
is supported by the fossils which have been collected from well defined 
zones, at different paints, which have been determined by Prof. Lap- 
worth and by Mr. H. M. Ami. A brief abstract of Prof. Lapworth's 
paper is given from which it appears that the Levis fossiliferous rocks 
should be regarded as forming the lowest portion of the Ordovician or 
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Cambro-Silnrian system, irhile from the evidence fnToished by the 
LeviB limestoDe conglomerates it is evident that these rocks should be 
assigned, from the presence of fossils in the paste or matrix, to the Cal- 
ciferoQB formation. These conglomerates and the associated erapto- 
litic Levia shales clearly overlie the red and green shales of the Sillery 
which contain Oholella pretiosa and Lingulse, and which are now 
regarded by the author aa constituting presumably the upper part of 
the Cambrian system, though there appears to be fl transition from the 
upper part of the red slate series int« the lowest foasitiferoua zone of 
the Levis or Ordovician as seen by the estenaion downward from 
the base of the Levis of certain graptolitic forma into the upper beds 
of the Sillery. The red and green shales however contain Obolella and 
Lingalse which are not found in the Le^'is at all, and in the interetrat- 
ifled black shales, Dictyonema aociale and several other forme occur, 
which, according to Lapworth, are more characteristic of the Cambriaa 
than the Ordovician, 

Of the limestone conglomerates three fossiliferoue zones are clearly 
recognized. Of these the lowest which is associated with the Sillery 
rocks, contains Oleoellus thompsoni and other Cambrian forms in 
abundance in the pebbles hut no forms newer than Cambrian. The 
second zone or of that of Levis is associated with the graptolitic shales 
of that locality. In this zone the Potadam or Cambrian fossils are 
confined to the boulders, while the paste contains Calciferous species. 
The third is associated with the Trenton Utica beds of Quebec city. 

From all the evidence presented, both from the strati Kra^phical stand- 
point and from the fossils, there is apparently no further doubt as to 
the relatively lower positions of the Sillery division, a point long in 
diapute, and which, by the present determination, renders the eluci- 
dation of the complicated structure of the interior, to the south and 
east, much more easy to understand. 

The Pre-Camhrian rocks constitute a well defined anticlinal which 
traverses a large portion of the country in a north-easterly direction at 
some distance from the St. Lawrence. These are flanked, on either 
side, by certain beds of quartzite, black, green and purple slates, with 
small areas of limestone which are regarded as of loiier Cambrian 
age, and which in character are precisely similar to those which flank 
the Green mountains of Vermont in which Mr.C.D. Walcott found his 
lowest Cambrian fauna. In connection with the rocks of the Cambrian 
system are also included large areas of dioritic and serpentinous rocks, 
the latter of special economic importance from the fact that they con- 
tain asbestos in qnantity at several points. 

The pre-Cambrian rocka conaiat largely of crystalline schists, chlo- 
ritic, talcose and micaceous, with which are frequently aasociated 
considerable areas of green chloritic, and generally massive dioritic 
rocks. All these are regarded as the extension of the Sutton mountain 
anticlinal north-eastward, described in the preceding report. A num- 
ber of sections across the series shows the anticlinal structure at every 
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point exunined and the regalar occanence of the overlappinK Cambrian 
sediments. 

The Buperficial geology de»l8 principally with the occurrence o£ 
glacial strife and the distribntion of the boulders and other drift. 
There does not appear to be any well defined evidence of an immemie 
ice sheet, the striie and most of the boulders indicating merely the 
work of local glacierB, which were discharged apparently from the 
several elevations found in the area into the St. Lawrence valley ou the 
west, and the upper waters of the St. John on the east. The presence 
of scattered Laurentian boulders at many points, as well as the gold 
drift of the interior, both of which are from north to south, are ac- 
counted for by the agency of water and drift ice, probably floes, such 
aa are found at ttia present day along the lower St. Lawrence, rather 
than by glacier action. The presence of old pre-gtacial river channels, 
excavated many feet below the present bed of the several streams, is 
pointed out. These have been filled with gravel, sand and clay, long 
prior to the deposition of the boulder clay, and it is from these old 
pre-glocial channels that the richest results in gold mining are now 
obtained. 

A list of the fossils enumerated in the body of the report has been 
systematically tabulated by Mr. H. H. Ami, and forms a supplement, 
which presents in concise form the several localities from which these 
have been obtained and the eones to which they pertain. 

Report of exploralioKS and turveyi in portioni of northern New Brunt' 
wick and adjacent areat in Quebec and in Maine, V. S. By L. W. 
Bailbv and Wm. M. Inkis. (with map.) 

In previous reports by the same authors the general topographical 
, features of the district indicated in the title have been described as 
well as the lithological characters and distribution of its various rock 
formations. In the present report the information previously gathered 
is summarized and comparisons are instituted between the Silurian 
system as exposed in this section and in southern New Brunswick, 
Maine, and at various points in Quebec. The northern edge of the 
Silurian is followed from Gaspg penineala to Temisconata lake, and 
the close correspondence in sequence of the beds exposed at the 
Neegette falls, Rimoriaki river, Temisconata lake and at many other 
points is shown by descriptioDs of sections at those points with lists of 
the fossils which each has aSbrded. The great areaof bluish-gray, more 
or less calcareous slates which occupy the southern part of lake 
Temisconata, the Madawasha river and a large portion of the St. 
John river is held to be probably of Lower Uelderberg age and to 
represent the upper and more shaly portions of the Gasp^ limestone 
series, being possibly their deep water representatives. Older por- 
tions of the Silurian as low as Niagara, or possibly Clinton, are how- 
ever brought up by anticlines which occur within this area, notably at 
the Sagua river and on the Aristook river, Maine. Descriptions of 
numerous seotions in the state of Maine are given with accompanying 
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lists of foBsilB, and large areas which have b««n deacribed in the 
reporte of that Btate a« of Devomon age are shown to probably belong 
to the Niagara formation of the Silarian ef stem, la a comparison of 
the strata of southern with that of northern New Brunswick and 
Quebec it is noted that the physical morements which occurred at 
that time resulted, in the southern area, in a general elevation which 
caused the upper portions of the Silurian to be but slightly, if at all, . 
represented, while in the northern region the movemente were fol- 
lowed by a subsidence lasting to the end of the Silurian era or beyond, 
during which the thick marine beds of the lower Gasp^ series which 
include heavy layers of coral-bearing limestone, were deposited. A 
table is given at the end in which, for convenience of reference, the 
strata in the southern and northern portJons ore tabulated together 
and the correspondence between them shown. The numerous lists of 
fossils which are given throughout the report have been mainly pre- 
pared by Mr. Ami. The map, which is not yet issued, is promised 
shortly. It forms sheet No. 17 N.E. of the series of New Brunswick 
maps. 

R. Chalmbbs writes on the Surfaee geology of northtattem New 
Bruntwick, 33 pages with two maps. Among the more important 
facts noted is the existence of preglacial rock debris or gravels and 
sands, resting onpre-Csmbrian and middle Carboniferous areas, and 
more or less overspread with drift, from which the author concludes 
that the ice-eheet there had no great thickness and therefore failed to 
remove the whole of the pre-existing decayed rock material. 

The mintTal taealih of Britiih Columbia, vnth an annotated lift ofloeal- 
itiet of min^rab of economic value, 163 pages, by Da. Gborox H. Dawsom, 
is a most useful publication, reviewing briefly the physical features 
and geology of this province, where the author has spent many enm> 
mere in field-work, and more fully relating the history of the discovery 
and development of its very productive mines of gold, silver and coal. 
During the years 1359 to 1S65 over 4,000 miners w'orked in the gold 
placers, but since 1S75 the number has averaged about 2,000, the yearly 
earnings per man varying from (1,200 to about f250. From the dis- 
coveries of the laflt two years, Dr. Dawson predicts that British Colum- 
bia wilt soon rank amoug the great silver-producing regioas of the 
world. Argentiferous galenas ore known to occur throughout a belt 
1,200 miles long, from the international boundary to the Yukon. In 
coal production the province has steadily advanced to an average 
annual output of about 400,000 tons, three-quarters of it finding a 
market in California, 

A report on tht mining and TrUneral itatitliet of Canada for the year 
1SS7, by EuoBNB Costs, occupies 110 pages; and Ckemical contributiont 
to the Geology of Canada from the labttratory of the lurvey, by G. Chbis- 

TIAN HOFFUAHH, 58 pagOS. 

Syttematic list of foaiilt with loealitiet, <t-c. (Contained in the appen- 
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dii to Dr. EllB' Report.) By Hbnbt M. Ami, M. A., F. G. S., Aeoia- 
tftnt PalEGOQtologist to the Geological Survey of Canada. 

Iq a highly disturbed and faulted region each as that portion of the 
Province of Quebec with which the above report deala, palieontolog^csl 
evidence must neceeaaiily play a very important part when the me*G- 
nres prove so highly fosailiferouB as they are known to be, not only in 
determining the vsrioas horizons roet with in the intercalated, faulted 
and isolated patches of formations occurring on every hand, but also 
in enabling ue to recognize the sequence of strata in their proper 
chronological order. 

Accordingly it will be seen that Dr. Elle' remarks on the geology of 
that district, which is the classic ground on which the famous 'Quebec 
group' controversy has been fought and decided, are copiously filled 
with lists of fossil species prepared by Mr. Ami of the Canadian Sur- 
vey staff. 

These lists were prepared by Mr. Ami from carefully made collec- 
tions at dilTerent localities with a view to ascertain the exact relative 
position of the various members of that "group." This object has 
been fully accomplished as is shown by the lists; and except in the 
case of the collections from Notre Dame do Portage, St. Michael and 
certain districts in and around Quebec City, whence more perfect and 
more extensive material is necessary before a true and exact knowl- 
edge of the horizons can be obtained, there remains no uncertainty ss 
to the true position of the strata in the other localities, of which there 
are thirty-six included in the Appendix. 

The list comprises one hundred and ninety species of fossils referable 
to ninety-one genera and these are exclusive of forms obtained in the 
limestone conglomerate bands in various localities, wlucb do not afford 
good evidence as to the age of the beds from which they were obtained. 
The genera and ipeoiee noted in Mr. Ami's list are as follows : 



Genera. Specie*. 

Brachiopoda 20 49 

Lamellibranchia . . 7 9 

Gasteropoda 4. 5 

Pteropoda 2 2 

Cephalapoda 3 3 

Cirripedia 1C?)....1(T) 

Ostracoda 3 6 



Genera. Speciei. 

Spongire 2 2 

Cielenterata 2 3 

Graplolitoidea 22 75 

Cvsloidea 1 1 

Crinoidea 2 2 

Vermes 1 1 

Bryozoa 7 8 

Trilobita: 15 Genera; 24 Species. 

The result of tbe above report and the evidence which the fossil re- 
mains have afforded naturally lead te the extinction of the term 'Que- 
bec Group,' as the various series of formations observed in the district 
examined have been separated into a true natural eucceasion. The 
application of the terms 'Levis' and 'Sillety,' aa Prof. Walcott state"* 
in an exhaustive review of Dr. Elle' Report, to the "local developmi 
of the Calciferous terraoe about Quebec" and the "passage beds a. 
Cambrian strata of the St. Lawrence valley in tbe vicinity of Queb 
is an admirable one," which certainly commends itself to all practic 

•Amer. Journ. 8c. Vol. isxii, Feb. 1890, p. 114. 
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geologiBU who have for jears beea longing to see the nnravel- 
Itng of the myBteriea of the "Quebec" as well as of the intimatelj 
allied and "Taconic" controversies. 

At the end of Part H ie placed a general index of all these memoirs, 
«ach being diatingoished by a letter affixed to its pagination. The 
whole Tolume presents a vast amount of well arranged information, 
and reflects great credit on the director and his assistants in this 
Survey, 

On ike Fonil Planti in the Ravenkead Collection tn the Free Library 
and Muteum, Liverpool. By Robbkt Kidbton. Trans. Roy. Soc. Edin- 
burgh, vol. IX3CV, 1889, part II, No. 10, pp. 391-417, 2 plates. 

Hr. Robert Kidston's memoir on the fossil plaotsia the Bavenbead 
collection is a valuable addition to the important series of comparative 
studies of the Carboniferous floras of which his Catalogue of the Pal- 
Kzoic Plants in the British Museum (1886) was the first and an earnest 
of those to follow. The Ravanhead collection, from the middle or pro- 
ductive Coal Measures, which was made the subject of two papers b^ 
Higgins and Marrat in l8Tl-'72, and which is the most important col- 
lection of plants from the soathwestem Lancashire Coalfield, has been 
twice carefolly studied by Mr. Kidston, the identifications and results 
being now given, together with a detailed description of the local stra- 
tigraphy of the Carboniferous, in the present illustrated paper. 
Among the revised species it is interesting to note the identification of 
NeuTopttrit dentata Lestj. and Sphenopterit mixta Schimp., the identic 
of the latter being aacertained from a specimen from the Sub-carboni- 
ferona of Clinton, Mo., sent to the author by Mr. Lacoe. A number of 
generic changes were found necessary, but Sphenopteri^ marratii is the 
only newspecies described. Mr. Kidston is thoroughly familiar with 
the literature, and is painstaking in his extensive comparisons and cor- 
relations. It may be added also that he, more than any other European 
paleobotsnist, has recognized the work of Leaquereux and Newberry 
in oar American coai flora, and is giving more attention to the correla- 
tions of the American species with those found in the European coal 
fields. 

Traniactioni of the iwtntieth and tuienty-firti Annual Meeting of the 
Kantat Academy of Science, 1887-88. Vol. xi. 1889, 8vo. 127 pp. 
Topeka. 

The regular appearance of the volumes of the Kansas Academy, and 
their scientific value, are highly creditable to that western State, and 
they furnish evidence that the energetic spirit of her early settlers, in 
taking on the forms of a more varied pursuit has not lost its prestine 
vigor. 

Of geological papers Prof. Robert Hay contributes one on "The 
horizon of the Dacotah lignite," in which he shows that this lignite is 
Id the npper part of the Dacotah group, and not more than fifty feet 
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balow the limestone horison, which he calls Benton limestone, ■ 
there ie difficulty in distingaishing it from the Niobrara. Dr. ] 
Baily gives the section and some accompanying notes on the s 
in EUsworth county, with chemical analysis. The salt bed is 
thick but is separated into two parte by a bed of giay slate 
thick. The salt contains 06 per cent, of ssdium chloride. Pro 
Snow diecoasee the "significance of stipules in certain dicotyl 
leaves of the Dakota rocks." Dr. L. Lesquereuz has discovers 
Kansas Dakota leaves a genos which be bos named Betulites, . 
genus shows the singular character of having a single stipnl 
base of the petiole inetead of a pair, furnishing thus a featan 
allies our modern dicotyledons with those ol the Cretsceou 
lecture Prof. Hay reviewed the geology of Kansas. Mr. E. J 
gives the geology of the Leavenworth deep well, which wei 
sue feet. It gave indications of petroleum and gas, but failed 
of the impossibility of shnttingoffthevolnminousflowof water 
Hay describes the saliferous horixon of the Triassic, stating th 
beds are continuous without break into the Permo-Carbon 
Prof. Snow gives the result of an examiaation of the Logan coi 
called nickel mines. This was noted in the Ajibbicam Gsoloo 
tit, p. 216. Profs. Blake and Bailey made a thorough examiu 
the evaporating power, composition and peculiarities of Kansi 
It was found tiiat they depreciate in their steam -producing 
and in their content of fixed carbon, from the southeastern pa: 
state toward tha north and west. 

Applieatton^f dueriplive geometry to a teriei of problem* in 
faulted beds or vein*. By E. H. Wti.LiAMS, Jb. A brochure of 2! 
pages, Bethlehem, Pa. These problems and their solution, en 
moat of the irregularities with which miners have to contend 
useful in mining schools where the methods of nature in cot 
her coal, iron and other valuable beds, are reduced to geomt 
urea and mathematical formtilee and revealed to the student. 

BiBLtooB&pnY OF NoBTH Ahbbicam vsbtbbratb palsoi 
FOB TUB VBAB 1889. By John Eyerman, Easton. c indicates; 
tiona in the text ; pi. plates. 

1. Cannon jr. G. L. Brief remarks on homed Dinosauria. Pi 

orado Scientific Society, Jan. 15, 188 

2. Cannon jr. O. L. On the Tertiary Dinosauria found at 

Coi. Proc. Col. Sci. Soc. Vol. 3, p 
140. 

a. Banr O Paltcohaturia, Credner and the Progai 

Am. J. Sci. Vol. 37, p. 310. 

3. CopeB. D An intermediate Pliocene fauna. Ai 

April, '89, p. 355 (25a). 

4. Cope B. D A Review of the North American sp 

Hippotherium, 29 p. 3 pi, Proc. Ai 
Soc. Vol. 26, 429. 
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6. OopeE.D (kelophysu, a new TriuBic DiDOBaumo gsniis. 

Am. Nat. July 1889, p. 626. 

6. QaptS.V Harsh on Cretaceous Mammals. Am. Nat. 

June 1S89, p. 490. 

7. OopeZ.D On a species of Plioplarcbns from Oregon. Am. 

Nat. July, 1889, p. 625. 

8. Cop« S. D On the North American Proboecidia. Froc Nat. 

Acad. 1389. 

9. Oope B. D On the Vertebrata of the Miocene of the OyKeaa 

HillB of Canada. Proc. Nat. Acad. Hot. 
1889. 

10. OopeE.D Hiocene Vertebrat« Fauna of Weetem North 

America. Proc. Nat. Acad. 1889. 

11. Cop«E.I> The Artiodactyla. 36 p. 5 pi. Am. Nat. Feb. 

1889, p. 211 (III). 

12. Cope E. D. The Edentata of North America. 8 p. c. Ipl. 

Am. Nat. Aag. 1889, 657. 

13. Oops E. It. The ProboBcidia. 20 p. c. 8 pi. Am . Nat. April, 

1889, p. 291 (IBl). 

14. OopeE.D. The homed Dinoaauria. 3 p. 2 pi. Am. Nat. 

Aug. 1889, p 715. 

16. OopeE. D. Vertebratft of the Swift Correot river. Am. Nat. 

March, 1889, p. 261 (151). 

16. Oop« B. D Vert«brata of the Swift Current liver. Am. Nat. 

Jutf,1889, p. 628. 

17. OopaX. D Vertebrate fauna of the EquoB beds. 6 p. Am. 

Nat. Feb. 1889. p. 160. 

b. Crou Whitnum. Denver Tertiary Formation. Am. J. Bci. vol. 

37, p. 261. 

c. Byerman John. Tracks of Broutoainm, Grallator and Anomoe- 

puB from New Jersey Triaesic. Proc. Acad. 
Nat. Sci. 1889, p. 32. 

18. Iieidr Joeei^... Gsvefossila (in Peon.) 20 p. 2 pi. Ann. Bept. 

Geol. Sur. of Penn. for 18S7. Issued 1889. 

19. Iioidy J Fossil Vertebrates from Florida. Proc. Acad. 

Nat. Sci. 1889, p. 96- 

20. Iieidr J Sabre Tooth Tif^r of Florida. Proc. Acad. Nat. 

Sci. 1889, p. 29. 

21. Karah O. Comparison of the principal forms of Dinoaauria 

of Europe and America. 8 pi. Am. J. Sci. 
vol. 37. p. 324. 

21. dHarahO. Compariaonof theprincipalforms of Dinosanria 

of Europe and America. Geological Mag- 
azine, vol. 6, p. 204. 

22. ICarahO. Diecoverv of Cretaceous Mammalia. 4p. Am. 

J. Sci. vol. 38, p. 81. 

23. ICarshO.O Discovery of Cretaceous Mammalia. II. Am. J. 

Sci. vol. 38, p. 177. 

24. KanhO.O Notice of Gigantic Homed Dinosanria of the 

Cretaceous, c. Am. J. Sci. vol.38, p. 173. 

26. llanb 0.0 Notice of new American Dinoaauria. c. Am. J. 

Sci. vol. 37, p. 331. 
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bO. C 



26.eKarehO.O.... 

27. UanhO-O 

28. Katth«wa.F.. 

29. Newberry J.8.. 



(32.) Otbon. H. V. 
30. Beeley H. Q 



31. Scott W.B., 



Restoration of Brfrntop* rohuMut from the 
Miocene of North America. 1 pi. Am. J. Sci. 
vol. 37, p 163. 

Restoration of Bronlopi robuttM, etc. 1 pi- Oeol. 
Mag. vol. S, p. 99. 

The Bkull ol a gigantic GeratopsicUe. 1 pi. Am. 
J. Sci. vol. 38, p. 501. 

On an Upper Silurian Fiah. Trans. Boy. Boc- 
Ganaua, toI. 6. 

Fossil Fishes (and Fossil Plants) of the Triaeeic 
Bocka of New Jereev and the Connecticat 
Valley. 95 p. 26 pi. U. S. Geo. Sur. Mon- 
ograph 14, datea 1887, issned 1889. 

See Scott and Osbom, No. 32. 

On thepelvia of OmithopsiB. (See the discus- 
Bion.) Quart. J. Geol- Soc. xlt. p. 391. 

Notes on the 061601027 and systematic position 
of Dinic(i»/eiinoCLeidy) c, 33p. Proc. Acad. 
Nat. Sci. 1889. p. 211. 

The Mammalia of the Uinta formation. Parts 
I. Geological andFaunalRelations^ andll. 
The Creodontia, Bodentia, andArtiodactyla 
by W. B. Scott. Parts 111, The Perieao- 
dactyla, and IV, The evolution of the 
Ungulate foot by H. F. Osbom. c. 5 pi. 112 
p. Trans. Am. Phil. Soc. vol. 18. p. 461. 

On the Devonian Fishes of Canada. Brit. Aaau. 
Rept. 1889. 

Discovery of Fossil Tracka, etc., in the Triassic 
of York county, Fenn. 11 p. 15 pi. Ann. 
Rept. Geol. Sur. of Penn. for 1887, issued 
1889. 

Cretaceous Fossils from Manitoba. Cent, to 
Canadian Pal. vol. i, part ii, p. 191. 
. Wliit«ii7e« J. 7. Bevonian Fossil Fishes. Trans. Roy. Soc. of 

Canada, vol. 6. 
. Whiteaves J. I". On Some Fossils from the Hamilton of Ontario. 
Description of Macroptalichlhyt luUivanti. 
Cont. to Can. Pal. vol. i, part ii, p. 119. 
List of new genera and speciea described in the above u. 



32. Scott W.B.,., 
Osbom H.F.. 



33. Traquoir B. H. . 
f. Wanner A 



34. WMteaves J. : 



. chicopeoE 



Alces brevitrabalis, Cope. . . 

A. semipalmatus, (7ope 

Allacodon lentue, Marsh.. . . 
Amynodon intermedium, Os 

bom 

Anchisanrns major, Marsh.. 
Anchitherium westoni, Cope 
Camptomus amptua. Marsh. 

Oariacus ensifer, Cope 

CatoptoruB minor, Newb — 
C. omatns, Newb 



. "29 



Ceratops horridus. Marsh 25 

Chalicothenum bilobatum, 

Cope 15 

Cimoleetes incisus. Marsh. . . 22 

C. curtuB, Marsh 22 

Cimolodon nitidua, Marsh. . . 22 

Cimolomya bellue, Marsh 22 

C, gracilis. Harsh 22 

C. digonaj Marsh 83 

Cislopbysis bauri, Cope 6 

C. loHCTCoUis, Cope 5 

C. willistoni, Cope 5 

Didelpbops comptUB, Marsh. . 22 



• Refers to number of 
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D. ferox, Marsb 

D. vorax, Mareh 

Dipriodon tobugtae, Marsh.. . 

DiyolesteB tenax, Marah 

Elotberinmcoarctatam, Cope 
Hadro»AiiriiB brevtceps, 

H. paucidene, Harsh 

H&lodoa BCulptuB, Marsh 

H. fonnoBQa, Marah 

Haplacodoa aagnBtigeneis, 

Hippotheriiim relictum, Cope 
H^ertragulne transversue, 

Ischjpteras slatae, Newb,. . . 

I. braunii, Newb 

I. elegana, Newb 

I. eigas, Newb 

I. lenticulariB, Newb 

I. lineatuB, Newb 

L microptsrua, Newb 

I. miautu*, Newb 

I. modestiiB, Newb 

Lamua mauitobenBiB, Whit- 
eaves * 

Leptomeryx esulcatns, Cope. 
L. semicinctus. Cope 



Menodns selwynianoB, Cope. 

M. syceras. Cope 

Monoclonius fiaaus, Cope 

M, recurvicomiB, Cope 

W.. sphenocems, Cope 

MorosauruB ientuB, Marsh . . . 

M. agilia, Marsh 

Nanomy B minutus, Marsh 

Nodosauma textilia. Marsh.. 

Oracodon anceps, Marsh 

Pediomvs elegans, Marsh.... 
Platacoaou naiius, Marsh,. . . 
Plioplarchas aeptemepinosus 

Cope 

Ptfcholepais marehii, Newb.. 
Ptychodus parvulna, Whit- 

Selanacodon brevis, Marah.. . 

S. fragilie, Marsh 

Stagodon nitor, Marah 

TetrabelodoD brevidens, Cope 
Triceratope fl a b e 1 1 at a m , 

T. galeus, Marsh 

T. horridua, Marsh 

Tripriodon caperatue, Mareh. 
T. coalatuB, Marsh 



CORRESPONDENCE. 



Auditions and corkkctiohs to Millbr'b Nobth Auebicam p 
TOLOQY. Nothing better Ulustrates the necessity recently urged by the 
writer in the Aiaeriean Naturalitt, for some concerted action to aecore 
the aathoritative compilation of literature, especially the descrip- 
tion of new species, than the manifest impossibility for any indi- 
vidnal to be perfectly aure of complete snccess ia attempting a synop- 
sis of the described species known from anyperiod. While, no donbt, 
honestly designed to secure completeness, the valuable work quoted 
above loses something of its authoritativeness because of sundry 
omissions. It is, therefore, suggested that the lack may be measor- 
ably supplied, for the present, if those who detect such omissions 
make it their bnainess to supply the data to the public, for which pur* 
pose the Gbolooiht might be a suitable avenue. 

A list herewith communicated consists chiefly of species figured by 
C. L. Herrick in the several bulletiiu of Denison TTniversity from 
1887 to 1889. For the Bake of brevity these species are followed by 
simply a Roman and an Arabic numeral, the former indicating the 
volume, the latter the page. Vol. ii appeared in May, 1887, vol. lu in 
April, 1888, vol. IV in December, 1888. 

Two other species may also be added as follows : 
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GrigUhitUtt tedalienni Vogdes, Waverly. 

Trans. New York Aciidemy of Sciencea, vol. vii, p. 276, 
Erase on p. 562, Phillipsia iongicaudata Hall, aa a. synonym for 
P. Bangamonenais, a Coal Measures species. 

CRUSTACEA. 
PMIKprtowHUor*. KeokultorBiirilDEtoii IV. S3, 

priecurmr, Kinderhook. in, 29. 

4erriilitaKdaln. Keokuk, iv, W. 

lAuinnrdl, Kloderliook. II 69.=Petn« or aurlcnlatiu Hall. 

(rtoMcleala. Coal Maas. ii, M. 
PnxlvM mimilKi, Kinderhook, iv. M. 
Phaetkiraiixn iamaturut, K nderhook. iv, M 

SMl(l«nUilit, KlD-terhook, iv, ST. 

ipfnofiH, Kind rhook,59. 
Oul}tert ohiotniet Keuknk, iv, 60. 

BKACHIOPODA. 
Athyrii otfilandcRi/*, Klnderhook, iv, 31. 
Cfumelet tumida. KindeTbook. iii, iiS. 
Linaula atra, Waverly Blidles. iv, M. 

oaniieiirii, BiirUncton? it, IT. 

iMfti. Waverly slinlos, IT, IB. 

MffA<l,CoilMc»s. II. 4S. 

iMi'erlifiKl*. Biirliiiinon,IV. IB. 
OrttU ptilchiUa. Klnderhonk. iii. 38. 
Pradiatiii annonu, Kindcrbook, iv, 20. 

rarteoilalut, Klnderhook, iv, IB. 

nufiviUerfit, BurllBKlnn. i " 



SpiHfe 



KaTtinia) irnaitpinaXia. Kinderhnok, rv, 27. 



SpirifeHwi deprtasa, itindeFbook. ill. 47. 
atricilandif mftqunrfralo. Coal. MeM, ii, «. 
TVrtiwtrtuta iiKxitHlaiu, Klnderbook, iv. W. 

QASTEROPODA. 
^(«iiUWaf ihtHa, Klnderbook, iv, 4S, 
PlmroSmaria iMgulata, Klnderbook, iii, 86. 

PTEROPODA. 
Omtilnria gracilU. RlndDTbook. iv, i&. 
DeMaluim granvillttue, Kladerhuolc. iii, 91 

HETKROPODA, 
StlUraphen labeorilijormii, Cotl Mens, ii, IS. 

LAMELI.IBRANCHIATA. 
AOeritma com 



cw/ahoga. Waverly ahalea, iv, '. 
.^vfCBlarfcto, Waverly Bhalee, iv, 115. 

mbtpalalaU. BurllDKton, iv. 81 
AvioilopteUn cooperi. Kioderhook, lit, fil. 

granvilleRiii<—^ creniBtrlatui. 

pcretongatna, Klnderbook. in, 

icalarli. Coal Meaa., ii, 20. 

tor«r. Coal Meae., ii, 27. 
Crmiptctm {Btrilii. Coal Meas. . ii, 28. 

tenilit. RInderhooK, 111. 64. 

nbtorditotmU, Klnderbook, ii: 
Omoeardium alUTnitlTialum, Klnderbook. i 
CyprUiaTdiniaf idtMla. Klnderbook, iv. 38, 
m«umdia micljera. Klnderbook, i v, 30. 
£ntoUiini alltnualum. Coal Meai.. u, H. 
QcTvUUat a&ionwto.Coal Heaa., ii.M. 
Ooniodonohiomit, (^f PalKanello) in. 34. 
Oramwria /oflulf ca, Klnderbook. iv,E5, 

oioto, Burlington, IV, si. 
LeiopUria hatti, Klnderbook, iii. ES. 

muula, Klnderbook, ir, 20. 
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lUWtKrrvi, Keoknlir Iv, lit. 

orUmi, Klnderboolc, ui, 00. 
iqHi)d«tm«»«™if!ia, KInderhook, iii, M. 
Untolulfna oftlooiHi, BurllnetOD, iii, 5(>. 
Lvr'oT'C'^l^n cancf llalu*, Klndeibook. iv. M. 

nadMoibUiw, KiDderhoofc, iv, S2; 
McKTOden nttoarttutU. BuTliDKUtn. iv. S6. 

itriatoaiiiatut. Kluderbook, IT, ST. 
(iracmdimrr trlan3viarit,=6cbiiiniaa}. 
Jfodfolo wacfrHcnjir. KlDderhook, lit, 68. 
Sveutana <imilft. KindeThook., m, 79. 

tpatuUila, Klndeihook, iii, 79. 
Oratardia, Herrick, Bui. Den lion I.'niv., toLiv. p. 41. tEtr. oraioi.btXMtlUet 

iTofdia, hB»rtl. Dariobia Wlnchell.por*. TyjK O. om«t». 

Shell lomevhac IcequUateTftl, more or less ineimlvuve, both 

Tftlvei TentricOBc vllh a stronglv curved, ncute, elevBtea Iteali, which 

Incline! lamacd at tbe apex. Hinge line extended, produced poele- 

riorly. farninhed with a thickened ridge or CHrtilue-pUte. Tbe 

beakVaepar— ^ ' ■--■- -■"■ -..-^ T. „, .... 

|]^°£'_ 

to™^, Klnderboot'iv'ii. 
Palmareaoitiata, Klnderhook, iii.gs. 
PaltumeiUj amtbaUit. Kiuderbook. iv. 43. 

evtta, KInderhook, iv, 44. 

rlUptka, Klndeibook, in, SO. 

igimta, Kiuderbook, iv, 44. 
Plgun/phortit mma/uru*. Coal Heal., ii, 14S. 
" ■ 'iH, Kiuderhotik, in.OD. 



(, Kinderbook, il.,.,. 
' 11,86. 

t^;"Bere«grH,iv,117. 

newariEeiitit, BurtlnKton. 111. M. 

paheoneitifarmit. Kfndeihook, iii, I 

prolo'aatui. Klodvibook, it, SO. 

f mttmani. Coal Ueag., iv, 42. 

tahcireulaTii, Coal lleas. iv, 41. 

lriVt>Kr''(ari). KInderhook, in, 74; i 
Solenomnat cuyohognetii. Cnrahoga nbale, iv, 11 

(ri Meekiana. C«1 Mean., ii, 80. 

sabradiata. Coal Mela., ii, SO. 
BtrebloiiliTia araeaii, Kinderhook, r[i.B7. 

nwdui, KInderhook 111,58. 

iquama, Kinderhook, iii,97. 

Cincinnali Univeriity, February/, 1S90. 



PERSONAL AND SCIENTIFIC NEWS. 

Mr. John R. Procter, director op the Kentucky oeolog- 
ICAL 8DRVEY, Ib on an indefinite leave of absence, while doing 
some work in southwestern Virginia, for ex-governor Lee and 
others, and meantime assistant M. H. Crump is in charge of 
the survey. 

The American Natukalist, which has revived from its 
comatose condition, appears in good order and on time again. 
This admirable journal, more than twenty years old, now 
published by Ferris Bros,, Philadelphia, contains the first 
announcements of many of the paleontological discoveries of 
Prof. E. D. Cope, and is well known in all scientific circles. It 
is with much satisfaction that we notice its establishment on 
a firmer basis, and we heartily commend it to all scientific 
Btudents and libraries. 
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Mbtaqadolinite — A NEW uiNERAL. £. Goldsmith (Jour. 

Lnal. Chem. vol. IV, page 23.) in an article on "Gadolinite 

rom Llaao county, Texas," describes and gives an analysis 

f thie apparently new mineral, occurring as an incruBtation 

ipon the species gadolinite. As is so very frequently the case, 

QcruBtations are mixtures, Mr. Goldsmith resorted to several 

BSts, which gave no evidence of a mixture, thereby proving it 

be apparently a distinct species. The analysie gave, 

SiO, 18.145 YO 21.854 

Ce,Ot 20.662 - CaO 3.642 

Fe,Oj 26.026 MgO 0.214 

H,0 9.761 

A hydratod tri-basic silicate represented by 2(RO+RjOi) 
iiO,(ROu). The mineral is amorphous, dull and brittle.Color : 
irayish brown. Streak : red. Hardness : 3. Sp, Gr. 3.494. 

within the past few mouths there have been described from 
he Llano Co. localities no less than four new and distinct 
pecies. Yttrialite, Thoro-gummite and Nivenite (Hidden 
nd Mackintosh, Am. J. Sci. vol. 38, p. 473), and the above 
lescribed species. 

A GEODP OP Meteorites. Some "heavy stones" unearthed 
m a farm in Kiowa county, Kansas having been lying around 
or three years have recently been discovered to be meteorites. 
They have now all been distributed, some are gone to Wash- 
lurn College, Topeka, others to the Kansas State University 
.t Lawrence, the Minnesota State Univereity and to Iowa. 
?he largest is over 300 lbs weight and others vary down to 
.bout forty pounds. We will give a fuller account of these 
aeteorites next month, but will say here that some of them 
xe nearly all iron and others have nickel and cobalt, and also 
ontain some earthly and glassy minerals. 

A PATENT WATEH-wiTCH. According to the Mining and En- 
ineering Journal, in which the details of the experiments are 
iven, a Bavarian by the name of Heerdegen has an apparatus 
>y which he detects the presence of water in subterranean 
eservoirs or streams, and which he will not yet fully describe 
lor allow to be inspected till he secures his patent. The in- 
trument indicated, in the neighborhood of Sing Sing, the lo- 
ation of some of the new water-courses of the Croton aque- 
luct, the same being far below the surface and without any 
possible clue to their location, especially to a stranger. The 
Id aqueduct in New York was in the same way accurately lo- 
ated by Mr. Heerdegen. Again 150 feet of J-inch steam hose 
ras coiled about on the second floor of the Raub building, 
omer Nassau and Fulton sts. When subsequently filled wiUi 
rater, Mr. Heerdegen succeeded fairly well in tracing on the 
text floor above the position and direction of the coil. Some 
ther equally satisfactory tests were made. 
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OBSERVATIONS ON THE KEOKUK SPECIES OP AGARICO- 

CRINUS. 

By C. H. QoBDon, Keokuk, Iowa. 

[Read belora the Iowa AodeniTo' ScleDCa, Sept. G.lSfiS,] 

The Keokuk beds have thus far furnished six gpeciea refer- 
red to this genus, of which three — A. Amerieaniis RtBiner, A. 
whitJUldi Hall, A. worlheni Hall — may be found in coUectiona 
made at and about Keokuk. We have had access to a large 
number of these forms and from a somewhat careful study 
hare become impressed with the need of a revision of this 
genua. As between A. americanus Rfemer, and A. woHkeni 
Hall, the specific distinctncBS seems well established. The es- 
sential diSerencea, as shown by Hall', occur in the second and 
third radials and in the interradial areas. In A. worlheni Hall, 
fhe first inlerradiak are much shorter than in A. amcricanus 
Rtemer, thus bringing the secomlinterradials la^ch lower and 
giving them a proportionately greater prominence in the 
structure of the calyx. In consequence of this they are 
brought in contact with the second radials whose upper lateral 
angles are truncated to receive them, thus giving these plates 
a hexagonal form, while in the typical form of A. amerkanm 
Ra^mer the long_^»-s( interradial and the quadrangular second 
radials are very characteristic. Moreover in the A. worUieni 

'Geol. Surv. Iowa., Vol. I, Ft. 2, p. 620. 
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Hall the third radial is a larger and stronger plate than is 
usually obse^'ved in the other, and the general form of this 
species is more robust. We have here, apparently, the cul- 
mination of this generic form which becomes extinct nith the 
Keokuk period. One unusually large individual before us pre- 
sents a remarkable development of the third primary radial. 
Four of these are extremely protuberant, the nodes projecting 
three-eighths of an inch from the surface of the calyx. The 
specimen measures an inch in hight by two and one-fourth 
inches in breadth. A tendency toward the same structure, (ap- 
parently due to age) has been noted in other specimens. 

In Agaricoorinus americanux Bcemer we have a form pre- 
senting many variations of structure. Some of these have 
been mistaken for specific differences giving rise to the syno- 
nyms A. buUalua Hall. A. excavatus Hall. A. nodosus M. & W, 
A, tuberoses Troost. Among the specimens before us, usually 
referred to this species, are two forms which, as we believe, pre- 
sent more than varietal differences. While the distinctions 
giving rise to the above synonyms were largely superficial, in 
the present case the differences in structure seem to have a 
deeper significance. We shall attempt but a brief notice of 
them here. 

In the typical form the basal concavity is said to involve 
the entire radial aeries of plates, while Messrs. Wachsmuth 
and Springer state :• "The differences in the form of the calyx 
are vwdifications in geological succession. Species with convex 
sides are conjined to the Waverly group and to the Burlington 
limextone: species from the Upper Burlington are truncate below, 
or slightly convex, rarely concave, while the Keokuk species with- 
out exception are deeply concave in the basal region." 

We have a number of specimens in which the basal concav- 
ity is very shallow and does not involve the third radials and 
frequently only the basal plates. The third primary radials 
are more or less prominently convex, heavy plates as are also 
the interradials. In the poatero-lateral rays one of thesecond 
radials is oblique and unequally quadrangular while the other 
(in the right ray) has its upper acute angle truncated by one 
of the interradial plates. In this particular it ^ress with ^. 
whitfieldi Hall, from which it differs, however.in being much 
less concave below and more protuberant in the anal region. 

•Reviaioii Paiieocrinoidea, Part, u., p. 109. 
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All the examplea noticed have regularly twelve arms and oc- 
cur in the lower crinoid bed (No. 2). If as stated by the above 
authors the modifications of the base denote geological suc- 
cession we have here a continuation of the upper Burlington 
form with a slightly increased concavity. In this case it would 
seem proper to consider this form specifically distinct from the 
one to which it is now referred. On the other hand should 
these modifications be deemed varietal only, then no good 
reason would remain for retaining A. whitijieldi Hall, since 
that form is more nearly related to the typical A. amencanvs 
Boeraer than is the one under discussion. 

An apparent exception to the rule given by Wachsmuth 
and Springer occurs in the case of A. apringeri White, from 
Indiana, which is said to have the base truncate but not de- 
pressed. The type specimen was obtained from the "terrace 
drift, west bank of the Wabash, Clinton, VermiUon Co., 
Ind." Its geological horizon is therefore uncertain, and we 
are inclined to think it belongs to the upper Burlington. 

Specimens of the subexcavate form may be seen in the col- 
lection of Mr. N. K. Bunket, Mr. L. A. Cox, and the writer. 

In its normal state the A. americanfie Rremer is said to 
have twelve arms, three upon each of the posterior rays and 
two upon each of the others respectively. The number of 
arms is not constant however; additional arms frequently 
appearing upon the postero-lateral and autero-lateral rays. 
We have never observed more than two arms upon the anter- 
ior ray. In examining a number of specimens showing more 
than the normal number of arms we have been impressed 
with a certain uniformity of structure which it ie difiScult to 
believe to be merely accidental. Rarely or never do we find a 
division of one pair of rays only. The addition of arms on 
the postero-lateral rays is always accompanied, so far as we 
have observed, by an increase of arms in the antero- lateral 
rays. Of five examples before ua, four have sixteen arms and 
one seventeen. Three have the arms regularly arranged — 
four on each postero-lateral ray and three on each of the 
antcro-lateral rays. The other two are somewhat abnor- 
mal, one having two additional arms on one of the antero- 
lateral rays, making seventeen in all, while the other up- 
on one side has both additional arms placed upon the antero- 
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lateral ray. The tendency is clearly shown to be toward six- 
teen amiB. 

The basal concavity, which ie exceptionally deep, involvea 
the whole series of radials up to and partially including the 
secondary radial so that when placed base downward the fos- 
silreetaapon the somewhat protuberant secondary radials. In 
this feature it somewhat resembles A. whitfieldi Hall. Above the 
secondary radials the plates are much smaller than in the ordin- 
ary form. These examples all agree in tlie somewhat depressed 
structure of the dome and ven/ protuberant anal region. The 
proximal and radial dome plates are quite prominently tumid 
with the exception of the third radial which is generally 
smaller than the others and somewhat depressed. The second 
radials are the largest and most tumid plates of the dome in 
rays having two arms, while the succeeding plates are'nbscure 
or absent; and in raye with more than two arm8,two additional 
well developed plates occur. In rays having three arms, one 
of these plates is large and conspicuous while the other is 
small and crowded to one side ; and in four-armed rays the 
two plates are equally prominent and placed side by side. The 
general form of the body is depressed wheel-shaped, and owing 
to the deeply excavate base the capacity of the internal cavity 
must have been very small. 

In an examination as to the mode of origin of extra arms it 
was observed that, in those rays having normally three arms, 
the third arm arises from a single tertiary radial which trun- 
cates, usually, the upper and inner angles of the first second- 
ary radials. In four-armed rays this plate is divided vertical- 
ly thus forming two tertiary radials from each of which 
springs an arm. Sometimes the arms have the appearance of 
springing from the sides owing to being pressed outward by 
those within. 

Nearly if not quite all the examples with sixteen arms from 
this locality are derived from the same geological horizon, 
viz.: the "Lower Crinoid Bed, (No. 2)" near the base of the 
lower division, and associated with the subexcavate form above 
noticed. 

Keohi-k, Iowa, March S, 1890. 

EXPi.ANATIOK OF PLATE 

Fig. 1.— AKBFicocrmus worthsni Hall. 
Baaal view ol speciinen Bliotring deep concavity and hexagonal foim 
of second raJiale. 
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Figs- 3, 3, 4.^jLgairloocTi]xus aroericanva Rcemer. 
Basal view of specimenB having base but sliKhtl^ depreeeed. Flatea 
large and more or leas prominent. Second radial in right poatero-la- 
teral ray truncated byinterradial. 

Tig. fi. — Agaricocrinus americanua Rcomer. 
Specimens with aixteen arms and showing the very deeply excavate 
lorm of the base. 

Fig. 6. Left postero'lateral ray of .^. worlheni showing arrangement 
of plates : 

a. First primary radial— hexagonal. 

b. Second primaryradial — hexagonal. 
e. Third primary radial — pentagonal. 

d. Seconder radials. 

e. laterradial plates. 

f. Arm plates. 

The first secondary radial on the jtosterior side of the poatero-lateral 
ray is esseatially a brachial piece with two rows of additional plates 
npon its upper slanting sides. 

NoTX. — The varying proportions of the first interradial in the above 
figures is especially noticeable. The anal area is directed upwarda. 
Fig. 7.— Orthis keokuk Hall. Vental valve. 

The figures of this shell given by Hall were evidently from specimens 
more or less exfoliated. Wei! preserved specimens are rare. The 
above fignre is from a specimen showing very prominent radiating 
Stri£e and concentric lines of growth. The strife are flue and cloae ap 
on the upper part of the shell but become abruptly coarser at each 
COD centric line of growth. The plications are very prominent on the 

Length 3 in. Transverse diameter i)4 in. Elevation at center 1^ 
in. Width of hinge line? 

DRAINAGE SYSTEMS OP NEW MEXICO.' 

By KiLPH S. Tabs, Austin, Teiu. 

In the arid climato of New Mexico the annual rainfall in the 
highest mountains is often more tlian thirty inches ; but over 
the larger part of the territory on all the plains and plateaus 
it IB generally not more than twelve inches. During the sum- 
mer months the country ie liable to excessive rainfalls lasting 
for an hour or two and in that time doing great erosive work. 
Generally the erosion of a year is done in a few days. For the 
remainder of the year rains are rare and elight in amount and 
the water that falls sinks readily into the parched soil without 
doing any appreciable work of erosion. For nine months of 
the year the wind erodes more rapidly than the rain water. 

New Mexico, being located within the area of the Rocky 
mountain uplift is topographically typical of that region. In 
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loutheastern portion are the elevated pr&irie lands of the 

E8tacado,changing in the northwest to the true plateau, 

1 which platform riae the mountains of the territory ranges, 
as and isolated peaks. The mountain topography is not 
riking in this territory as it is in the more northern por- 
i of the Rocky mountain area; but in northern New 
ico are the lofty Taos and other ranges, spurs of the great 
rado system. The trend of all these ranges, with a few 
iportant exceptions, is generally north and south. The 
■ys between the mountain ranges are broad, shallow plat- 
^alleys, out of which the peaks and ranges appear to rise 
ptiy. 

le rain that falls upon New Mexico finds its way into two 
ns by means of three large arteries. The Continental 
de in the western portion sheds water into the Colorado 
le west and the Rio Grande on the east. The Taos moun- 
1 near the Colorado state line form the divide between 
! of the head waters of the Rio Grande and the Canadian, 
}f the tributaries to the Arkansas. The Pecos, the chief 
chofthe Rio Grande also rises on the eastern slope of the 
range and is separated from the Canadian by a low plateau 
le. Nine-tenthe of New Mexico lies within the drainage 
of the Rio Grande or its tributary the Pecos ; and the 
: two systems deserve mention simply in consideration 
e drainage of this territory. 

e history of these rivers has been interesting and compli- 
l, yet the complication has not been such as to obscure 
;eneral changes that have taken place. A detailed history 
d demand a much closer study than I have been able to 
and I shall not attempt to do more than state some of the 

striking changes that they have undergone in the course 
eir development. 
Luy of the American rivers have existed as drainage sys- 

through long geological ages and are by this time topo- 
lically as well as geologically old. The Rio Grande is 
topographically and geologically young, and the appear- 

of youth is increased by certain accidents which have 
enated it. Moreover there are two sections of the Rio 
de and of each ofits tributaries, one of which is much older 

the other. It is plainly evident that the valleys of 
)n in the mountains are much older than those on the 
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plains even in places where the latter show no signs of rejuve- 
nation. The mountain streams flow through broad valleys of 
construction and narrow gorges of erosion with rapid elope 
very much as in the case of any Rocky mountain stream. The 
difficulties in the way of erosion in such places are great, yet 
they have been overcome and well established valleys have 
been cut. Undoubtedly the mountain erosion has been in 
progress with slight interruption since the mountains first 
appeared as such. 

After emerging from the mountains the Rio Grande flows 
upon a plateau, lava-capped in places, and almost everywhere 
composed of loose, partially consolidated, Tertiary fresh water 
deposits of cross-bedded sands and conglomerates. In the 
northern portion the river cuts a deep caQon through the 
1bv3 and underlying sands ; but this cafion character ceases to 
the south, and near the Texas line has entirely disappeared. 
Here the river flows near the top of the plateau in a broad 
valley a hundred feet or lees below the level of the plateau. 

The Rio Grande flows directly southward from Colorado to 
Texas in a broad valley of construction between the broken 
ranges of mountains, and its tributaries have for their divides 
mountain ranges ; but in no case that I know do they cut 
across them. This is very different from what is generally 
noticed in mountainous regions. In Montana, for instance, 
almost all the large rivers cut directly across mountain ranges 
in actual erosion valleys. This is the case in the Madison, 
Jefferson, Gallatin, Missouri, Clark's Fork of the Columbia, 
and others. I am inclined to take this as evidence that at the 
time the mountains in New Mexico commenced to be crum- 
pled the territory was beneath the ocean and that the great 
plateau regions were not raised above sea level until the 
mountain folds had assumed their present form, although 
probably not their present elevation. The fact that the moun- 
tain erosion is relatively so much further advanced than the 
plateau erosion seems to point to the same conclusion. 

In the whole course of the Rio Grande from the northern to 
the southern boundary of New Mexico the river valley is for the 
most part carved out of soft unconsolidated sands and conglom- 
erates. Nearly all of these deposits are old lake or inland sea 
beds of late Tertiary age. My studies have not been made in 
sufficient detail to toll whether the sands were deposited in 
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OD8 great lake or ia nuinerous small ones. There are some in- 
dications that the former is the case. Be this as it may, the 
iact remains that the drainage from the monntains was into 
water in the near neighborhood either in the form of small lakes 
or large bodies. When these lakes were partially filled and their 
barriers removed, as was the case I think at El Paso, where 
the Rio Grande has cut a gorge across a mountain chain, a 
system of drainage began to establish itself in the old lake 
bottoms. At this time the mountain drainage was well es- 
tablished while the plateau drainage was only begun. 

How far this platean erosion had proceeded when the great 
New Mexican basalt period of late Tertiary times began it is dif- 
ficult to say ; but there are indications that the drainage was 
in a state of extreme youth. In several places beneath the 
lava I have found eigns of sharp erosion such as ia characteris- 
tic of young drainage. This ia particularly well shown below 
Santa Fe on the Santa F^ creek, which in cutting the lava has 
revealed a narrow caflon sloping to the south and now filled 
with lava. This Tertiarj' river channel not only shows on both 
sides of the Santa Fe creek; but also several miles north of 
this point at a place plainly visible from the Texas, Santa F4 
and Northern Railway. At this place, which is near the base of 
the mountains, there was considerable erosion before the fiow of 
basalt began ; but further north, between Embudo and Baranca 
the early drainage was not marked and the Tertiary sands be- 
neath the lava are flat topped, level and only slightly disturbed 
by erosion. 

Where this basalt Howed &om has, I believe, been a disputed 
point. Some hold that it may have flowed from great cracks 
in the earth, others from conea. Of the former theory there are 
no proofs in this section ; but, on the contrary there are many 
cones from which vast flows of lava poured forth. At "Volcano," 
near the Colorado line, on the Denver and Rio Grande Railway, 
is one of these old volcanic cones. On each side of the cone 
there is a great thickness of basalt : but the lava thins out on 
all sides and at Embudo, 60 miles south from the cone, it has 
a thickneas of only twenty to thirty feet. Fifteen miles below 
Embudo the lava exists on the surface only in the form of 
boulders. The basalt that flowed from this cone alone covers 
an area of 2000 miles that can be traced. There are numerous 
other conea in northern New Mexico from which similar large 
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quantities of basalt flowed. There is very little doubt that 
moat if not all the Tertiary baaalt in this section can be direct- 
ly traced to some volcanic cone. 

When the basalt flowed from the varlone conee it formed 
dams at many places across the developing rivers. One of the 
principal of these dams was at the eastern base of the "Volca- 
no" cone and thence southward for 60 miles. The effect of this 
dam was to make a large lake having an area of several hun- 
dred square miles, since drained, and now called the San Luis 
Parkin southern Colorado. This rejuvenation of the young 
Rio Grande system took place at many points and numerous 
small lakes were formed principally at the mouths of west-flow- 
ing tributaries. One of these may be seen at the town of Em- 
budo near the mouth of the Embudo river. These lake de- 
posits can be distinguished from the earlier Tertiary sands by 
the great abundance of basaltic pebbles in the former. In 
some places the upper layers of the great Tertiary conglomerate 
contain occasional basalt pebbles showing that the Tertiary 
lava period began before the final drainageofsome of the lakes. 

During the deposition of this lava the entire country was 
undoubtedly uplifted and when it ceased a new drainage sys- 
tem bad to be established and a great work of rapid erosion to 
be begun, although the time has been short, the amount of 
erosion since the end of the basalt period has been very great. 
The rejuvenated Rio Grande has in every place succeeded in 
cutting through the lava cap and in many places has eroded 
far into the soft underlying deposits. From the southern end 
of the San Luis Park to below Embudo there is a great cafion 
averaging over a thousand feet in depth with a length of more 
than 60 miles and a. width ranging from two thousand feet to 
two miles. The lava capping in the northern part being very 
thick, the underlying unconsolidated strata are protected and 
the cafion character of the river valley is well preserved. At 
the southern end, however, near Embudo, where the lava is 
only about twenty feet thick the cafion is broadening and 
rapidly loosing its distinctive steep-walled character. The 
wearing back of the basalt by subaSrial denudation has broad- 
ened the cafion to a width of two miles. The soft clays and 
sands thus left exposed are rapidly melting away and are strewn 
with thousands of basalt boulders. Some of the hills are still 
lava-capped although they have sunk down several hundred 
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feet below their original level. This process of melting away 
of the clay beneath the lava ie well shown along the basalt 
front where the lava has faulted off in long blocks in front of 
and below one another in a serieH of steps, which, at first sight 
seem to indicate a series of distinct 6owa. 

In this vicinity there are many places where the surface is 
not strewn with basalt boulders although on nearly every side 
the boulders or basalt capping is found. At present such 
places are valleys but they undoubtedly represent the hills of 
the time when the basalt flowed over this country. This is 
very strikingly shown on the east side of the Rio Grande oppo- 
site the railway station of Embudo. At this point there is a 
high cafion wall of liiva-capped sand , but just behind this, at 
a distance of only a few miles, there is a broad and rather deep 
valley. At the time when the lava reached this point sixty 
miles south of the cone the present valley was undoubtedly 
high land which the lava was unable to cover, and hence un- 
protected by lava it baa readily fallen to a lower level than the 
neighboring valley of early times. 

The Rio Grande on account of this rejuvenation is a super- 
imposed river. To what extent its present course coincidea 
with the course of early youth is difiScult to say ; bat, in the 
northern portion, which I have studied particularly, I am in- 
clined to belieTe that the rejuvenated course and the ancient 
course are practically the same. It is probable that in general 
the basalt flows coincided in direction with the principal val- 
leys of the time. The greatest linear extension of the great 
flows from the "Volcano" cone were southward. At Embudo 
60 miles from the cone, there are evidences at present of several 
distinct flows. At this point the flows were narrow and thin 
and now thsy cover the high land while both to the east and 
west there are deep valleys in the sand which has never been 
lava-capped. It seems therefore that the present southward 
extension of the lava points to the existence during the basalt 
period, of a river valley flowing southward through Embudo. 
The Rio Grande of to-day flows along this same course. Like 
all superimposed rivers it has been rendered liable by super- 
imposition to certain accidents which present unnatural bar- 
riers for it to overcome. About ten miles above Embudo, for 
instance, the Rio Grande has, in cutting through the lava and 
sands, found in its course a buried hill of quartzite and .schist ; 
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and it is at present engaged in cutting through this barrier. 
From the structural features of the outcrop I infer that to the 
west about a mile the Rio Grande would not have encountered 
this rock, at least rot for several hundred feet. Other s! miliar 
accidents are to be found at varioua places in the course of the 
river. I believe that a careful study of the river west of Santa 
Fe will show that it has been turned many miles to the east of 
its early course by a great thickness of lava ; but I was unable 
to spend the time necessary for the verification of this supposi- 
tion. 

It is evident that the development of the cafton of the Rio 
Grande was rapid, first because it is only slightly effected by 
eubaSrial denudation ; and, secondly from the evidences fur- 
nished by the side streams. The greater part of the work in 
the formation of the Rio Grande cafion was the removal of the 
very uppermost layers which were hard basalt. After this was 
cut through the remaining work was, with some local exception, 
the removal of the soft deposits which could be cut away as 
fast as the stream could dispose of the load. Hence the first 
hundred feet of cutting was slowly done and the next nine 
hundred feet of rock was quickly removed. While the river 
was busy cutting through the lava the side streams had very 
little opportunity to cut channels since they were retarded 
in their work of erosion by the rawn stream to which they 
were tributary. When once the Rio Grande succeeded in erod- 
ing through the lava crust and began to eat rapidly down 
through the sands, the tributaries began to cut into the lava, 
first neartheir mouths then progressively up stream farther and 
farther. Erosion at the mouths of these tributaries very nearly 
kept pace with the deepening of the Rio Grande itself; but 
from this point upstream for a few miles the slope is very rapid 
until the lava-capping is reached where the stream is laboring 
hard to get through the rock into the soft sands below and gain 
upon the stream near the mouth- 

This condition is excellently shown on the Rio Grande at 
the mouth of Taos creek. For a few miles from its mouth the 
creek is deep and cafion-likc and at its mouth is as deep as the 
Rio Grande itself, which, at this point, is at least a thousand 
feet below the plateau surface. The cafion grows progressive- 
ly shallower upstream, and a little more than five miles from 
its mouth the stream is on the lava; and one or two miles up- 
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stream from this it has cut into the lava only five or ten feet 
The aide streams tributary to Tafis creek exhibit the sajne 
phenomenon on a smaller scale. This shows with what ra- 
pidity the erosion goes on after the lava is cut through and 
how young the drainage really is. In these creeks we see ona 
small scale what the Rio Grande has been doing on a large 
scale since the basalt flow first interruped its course. 

The youth of the present Rio Grande drainage system is 
equally well shown in regions not covered with lava. Such 
places are also rejuvenated, in the north at least, by the lava 
flows, which, by impeding the Rio Grande itself also impeded 
all the side streams. At present these places are only just re- 
covering from the accident. If the region was a moist one there 
would be no such signs of present recovery as can be seen there. 
As it is, in this case the rainfall peculiarities aid In the ap> 
pearances of extreme youth. Aside from the main streams 
having sources in the mountains, there are few which carry 
water all the year, and not a great many well established trib- 
ataries to carry off the excessive floods to which the country is 
sometimes subject. Consequently every heavy rain develops 
new branches to the smaller tributaries. These "arroyas," as 
they are called, develop suddenly, even in a single storm, and 
often have a linear extension of several miles and a depth of 
fifteen to twenty-five feet with cafion-like walls of gravel. 
Other arroyas are growing slowly year by year at their head- 
waters. Very frequently an arroya eats back across a well 
traveled road, sometimes suddenly in a single storm ; but very 
often slowly year by year so that each year the road is forced 
to make a detour greater and greater in extent nntil in some 
cases the angle in the road at the head of an arroya is as much 
as a quarter of a mile from a former position a few years pre- 
vious. 

When a small arroya is formed many tons of earth are re- 
moved and turned over to the main stream as a burden to be 
carried to the sea. While the Rio Grande was cutting its own 
cation it was able to remove the detritus, partly because it was 
not particularly overburdened and partly because its slope 
seaward was rapid. Now the slope is reduced while the river 
is busy removing dams at various places (as at El Paso); 
and the main stream is burdened with sediment furnished 
by all its tributaries which are busily at work establishing 
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theiDBelves. Such Btreams as the Chama and Puerco alnays 
have as much sediment in their grasp as can be carried. 
This overburdening of the river has brought about a new con- 
dition of things with which the steam is now complicated. The 
river unable to carry olTallthe sediment furnished to it, is lay- 
ing it aside in sand bars and flood plains until such time as the 
equilibrium shall be restored. This clogging increases to the 
Bouth ; and, at Las Gruces, in southern New Mexico just north 
of the reef of rock at El Paso with which the Rio Grande is 
contending, the river winds in and out among bars of quick- 
sand and broad flood plains which are being added to each 
year. In this valley, the Mesilla valley, the river flows with 
an uncertain course and ftcquently changes its channel. 

The Rio Pecos is at present in about the same condition as 
the Rio Grande. It is building up its channel with the silt 
with which it is over burdened. This river is also in itsyouth, 
and, I believe, a rejuvenated youth. In its upper portion it 
flows in a cafion-like valley of recent date very likely due to 
rejuvenation resulting from the plateau uplift. The condition 
of youth is well proved by the fact that great areas on the bor- 
der of the Staked Plains are entirely destitute of drainage. 
Arroyas are everywhere forming and many roads on hillsides 
have been abandoned because during a rain they have been 
transformed to arroyas. Much of the drainage is underground, 
and these subteranean creeks appear in or near the Pecos as 
great springs flowing many cubic feet of water per second,a3 at 
Ro swell. 

Between the Pecos and Rio Grande there is a great area of 
country having no surface drainage seaward. I refer to the 
area lying between the Organ and San Andreas range on the 
west, the White Mts. and small outliers on the north, the Sac- 
ramento and Guadolupe Mts. on the east and the Hueco and 
El Paso mountains on the south. Between these mountains 
is a great bjisin which for the want of a better name I shall call 
the Gypsum Plains. The length of this basin is 125 miles or 
more and the width varies from 10 to 30 miles. From Sierra 
Blanca which attains an elevation of 11S92 feet and is snow- 
capped the greater part of the year, and from other portions of 
the White Mountain range there are several brooks of good 
size flowing into the enclosed basin. The principal ones are 
Tula Rosa creek, Bonito creek and Three Rivers. Each of 
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these, after emerging from the mountaiiia, quickly disappears 
in the loose gravels of the basin, probably the deposits of an 
old Tertiary lake bed. From each of the other ranges numer- 
OQB streams and arroyas empty into the basin but the water 
all disappears shortly after reaching the plain. 

Near the western margin of the plain at the base of San 
Andreas range is an extensive salt marsh ; and just to the 
south of this are the so-called white sands — a large deposit of 
gypsum. I am convinced that this is the last remnant ofwhat 
was once a large lake now destroyed by desiccation. At pre- 
sent there is no surface drainage out of the basin and a very 
little brackish water collects in the lowest part of the old lake 
bed. It is completely isolated from the great drainage area 
oftbe territory and receives the rainfall of an area fully 4000 
square miles in extent. 

CoTiclttsion. Condensing the above in a few words,! consider 
the history of the New Mexican drainage systems tofirst com- 
mence when the southern spurs of the Rocky mountains ap- 
peared above the sea. During their slow uplifting well estab- 
lished streams carved the existing mountain valleys flowing 
first into the sea and later into large bodies of fresh water. 
Grand subsequent uplifting has not appreciably affected the 
torrential mountain stream valleys. By the removal of bar- 
riers and probably in some cases by desiccation the lake beds 
became dryland and a young drainage began to establish itself. 
At this time the plateau uplift began and with it came the vast 
flows ofbasalt deluging the greater part of the lowlands of the 
territory. When this fiery deluge ceased the rejuvenated Rio 
Grande began anew, settling in many places in its ancient val- 
ley but in others encountering unexpected barriers. The river, 
then rejuvenated and superimposed has since been employed in 
cutting a deep canon. This stage has now ceased, the cafion 
is beginning to lose its distinctive character, the side streams 
are repeating the example of the mother stream and burden 
ing it with an impossible load, which, being unable to carry, 
it is lying aside for some future time of leisure or power. 

NEW LAMBLLIBRANCHIATA. 

Bj B, 0. UiRIcn, Newport, Xj. 

No. 1, Contaiaingr DescriptionB of new species of HocUolopsia 
This is the first of a series of papers on this class of foi 
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shellB that I propose to publieh during this year, probably 
monthly in succeeding numbers of the Geologist. Most of the 
speciee were studied in 1880 and 1881 with a view of publish- 
ing descriptions of them, together with new Gastropoda and 
other fossils, in the ill-fated vol. ni of the Ohio palteontologi- 
cal reports. As is well known, the Ohio Legislature has per- 
sistently refused to appropriate the funds necessary for the 
publication of that volume, and, as far as can be ascertained, 
the prospect at present is more discouraging than ever before. 
That the work might not be lost entirely, I have lately begun 
making a new set of drawings (this time in ink, making cheap 
reproduction possible) of the principal species then worked 
on, and of the more interesting forma thatbave been discovered 
since. 

The total number of species which I propose to describe in 
this series of papers is over fifty, and of all of them the types 
are contained in my private collection. Among them are rep- 
resentatives of five or six new genera, while the remainder are 
referred to Modiolopsis, Orlhodeima, Cwneamya, Grammyaia, 
Ooniopliora, (?) Ambonyckia and Pterinea. 

Though a large number it ia scarcely one-third of the unde- 
Bcribcd Silurian lamillibranchs known to me — and many more 
no doubt still remain to reward the search of earnest col- 
lectors. To give some idea of the great variety of this class of 
fossils in Lower Silurian deposits, I will mention a few facts 
regarding those found in the Trenton and Cincinnati rocks of 
Ohio, Indiana and Kentucky. My own cabinet alone contains 
over two hundred unquestionably distinct species oflamelli- 
branch shells from this locality. Of this number not more than 
eighty can be identified with described species, thus leaving 
over one hundred and twenty-eight without names, and I have 
not all of them either, since every extensive Cincinnati collec- 
tion examined by me contains a greater or less number of 
species not represented in mine. A fair estimate of the total 
number from this locality alone would not fall below two hun- 
aud fifty species. And yet it is with this class of shells as with 
nearly all other fossils outside of the Echinodermata and Trilo- 
bita — they are sadly neglected by the average collector. Why 
this is so I do not know, since they are just as valuable to the 
science of geology and quite as interesting as crinoids and 
trilobites. It is to be hoped that hereafter collectors, particu- 
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larly those in Lower Silurian localities of the weBt and Jnorth- 
west, will pay more attention to these fossils bo that a] mo&o- 
graphical study may soon become practicable. 



Kodiolopnis oblonga, n.sp. 



Fig. 1. Modiolo^sis oblonga, n. Bp.,\]ticA elate horizon of the Cin- 
nati (p-onp, at Covinjrton, Ky, a. A very perfect cast of the interior 
of a right vaive of this apeciea, preserving a little of the aheli, and ex- 
hihiting most of the distinctive features of the specieB. b and c. End 
and cardinal views of same to show conveiity. 

Shells above the medium size, moderately convex, elongate, 
the length more than twice the width, the poeteriorcnd a little 
the widest, anterior end small, contracted in frontof the beaks, 
the upper portion slightly concave, the lower part narrowly 
rounded. Basal margin slightly convex or nearly straight, in 
the central half, and gently curved upwards at the ends. Pos- 
terior margin obliquely subtruncate, with point of greatest ex- 
tension in the lower lialf whore the curve is sharp. Junction 
ofcardinal and posterior margins subangular, the two aides 
meeting at an angle of 120°. Cardinal margin very gently ar- 
cuate, long, the length behind the beaks equaling nearly three- 
fourths of the entire length of shell. Beaks small, depressed, 
scarcely elevated above the hinge lino; situated one-eight of 
the greatest length of the shell from the anterior extremity. 
Umbonal ridge subangular near the beaks, but becoming near- 
ly or quite obsolete before reaching the middle of the valve. 
Cardinal surface flattened. General surface of valves moder- 
ately convex, with greatest convexity in the anterior third. 
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Casts of the interior show an undefined flattening or very shal- 
low depression in the region included between the anterior 
muscle, the baaal margin and the umbonal ridge. Anterior 
muscular impression large, deep, Bubcircular, and roughly 
pitted. Posterior scar large, faintly impressed, situated near 
the center of the cardinal slope. Shell rather thick, (for this 
genus) and marked with fine impressed concentric strife, in- 
visible to the unaided eye, and stronger lines of growth. 

Length 62.5 mm.; greatest hight (measuring across the 
posterior third of shell) 29.5 mm.; hight from beaks to ven- 
tral margin 21 mm. ; greatest convexity of single valve (the 
point is near the middle of the anterior half) 8.5 mm. 

From jl/. morfio^dria Conrad, this species differs in its more 
elongate form, more nearly parallel haeal and cardinal mar- 
gins, convex or straight, instead of sinuate basal margin 
greater prominence of umbones, and in being most convex in 
the anterior half of the shell, instead of the posterior. M. 
cincinnaliensis H. and W., with which it is associated, differs 
in its outline and surface markings, as well as in being more 
convex. M. subparallelu, of this paper, agrees very well, as far 
aa the mere outline is concerned, but it is a much smaller 
species, with the point of greatest convexity near the center of 
the shell instead of in the anterior half. M. pholadiformis 
Hall, likewise agrees very well with this shell, but the pecuUai 
divaricating plications which mark the surface of that species 
are so distinctive that there is little danger of confounding the 
two species. 

Poeition and locality : tJtica Blate horizon o£ the Cincinnati group, 
at the Covington, Ky., "river quarries," where it was found associated 
with if. eineinnaiitmit and a number o! other foBBiU that are restricted 
to that horizon. 

Kodiolopaia subparaUola, n. sp. 




Fig. 2. Modiolopni tubparalUta, n. 6p. Cincinnati group, Coving- 
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ton, Ky. a, b and e three views oF the beet specimen seen. It iB a 
cast of the interior and the largest eeea. 

Shells below the medium Bize, rather convex, eloDgate, the 
length equalling more than tivice the greatest bight. Cardi- 
nal and basal margins nearly straight, subparallel, diverging 
very slightly toward the posterior extremity. Anterior end 
very Bhort, contracted in front of the beaks, narrowly rounded. 
Posterior end not evenly rounded, the curves being a little the 
shortest in the basal half. Beaks email; umbonal ridge 
scarcely defined, the whole surface of the valves being nearly 
evenly convex, with the point of greatest convexity a little in 
front of the center. The cardinal slope may be somewhat 
flattened. 

Only casts of the interior have been observed. These indi- 
cate that the shell was marked with faint concentric Hnee of 
growth. The anterior muscular impression is unusually large. 

Length, 25 mm. ; length from beaks to posterior extremity of 
hinge line, 17 mm. ; hight from umbones to basal margin, 10 
mm.; hight from posterior end of hinge line to basal margin, 
11.6 mm. ; greatest convexity of entire cast, 8 mm. 

This species resembles M. anodontoides Conrad, but differs 
somewhat in outline and in wanting a distinct umbonal ridge. 
Conrad's species evidently belongs to the same section of the 
genus as M.cincinnatiensis H.and W.,in which the shell is very 
thin and the anterior muscular impression faint. 

Position and locality : Thetjpes are from the Cincinnati _ group at 



KodioIopsiB milleri, □. sp. 




Fig, 3. Modioloptit mitUri, n. sp , Cincinnati groap, Cincinnati, 
Ohio, a, a Targe specimen preserving the sliell. b and c, cardinal and 
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end views of same, d, cast of the interior of the averaee size, showing 
the anterior miif cle scar and deep impression just behind it. 

Shell amall, tranversely elongate subovate, the length a lit- 
tle more than twice the hight. Valves strongly convex, with 
point of greatest convexity near the middle, the surface elop- 
ing rapidly from there to the anterior and posterior extremi- 
ties. Cardinal and basal margins subparallel, diverging very 
slightly posteriorly, the fqrmer very gently arcuate, the 
latter broadly sinuate. Anterior end very short, con- 
tracted beneath the beaks, and narrowly rounded. Pos- 
terior margin oblique, the basal half the most prominent 
and strongly curved. Beaks small, nearly terminal, um- 
bonal ridge obtuse, bat generally well developed, defined on 
the upper side by the flat or slightly concave cardinal 
slope, and on the other by the depression of theTalve8,cauBing 
the sinuate basal margin which is such a characteristic feature 
of the typical species of the genus. The sinus and depression 
are comparatively stronger in this specie than usual. Surface 
of shell with very fine concentric striis and a limited number 
of stronger sub-lamellose lines of growth. Anterior muscular 
impression not deep, but bordered on the inner side by a strong 
clavicular ridge situated just in front of and below the beaks. 

Length of a large specimen, 27 mm. ; greatest hight (in the 
posterior half) 13 mm. ; hight at beaks, 10 mm. ; greatest con- 
vexity of both valves, 11 mm. In a amall specimen these 
measurements are respectively, 14, 6.3, 5, and 4.5 mm. 

This species is related to M. modiolaris Conrad, but is readily 
distinguished by its smaller size, comparatively greater con- 
vexity, stronger umbonal ridge, and more pronounced mesial 
depression beneath it. The two species differ also somewhat 
in their outlines. 

The specific name is given in honor of Mr. S. A. Miller, who 
is one of the few palceontologists that have taken pains to col- 
lect and study the Cincinnati lamellibranchs. 

Position and locality : Cincinnati group, on the hills about Cincin- 
sati, Ohio, from about 300 to 400 feet above low water in the river. 
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ig. 4. Modiolopiit oviformit, n. sp. Middle Trenton, near Burgin, 
a, perfect cast of the interior o? a left valve of tliis epeciea. 6 and 
oterior end and cardinal views of a free caHt of the interior, nar- 
er than ueual. 

ihell of medium size, regularly oval transversely, the pos- 
or half a little the widest, with the greatest hight and 
5th, averaging respectively as three or three and one-half 
five. Valves moderately and nearly evenly convex, with 
at of greatest convexity a little in front and above the cen- 
Cardinal margin strongly arcuate ; baaal margin with 
rly the same amount of convexity; anterior and poeterior 
8 nicely rounded, but with the former much narrower than 

latter. Occasionally the posterior margin is produced 
htly beyond an even curve in the postero-hasal region, 
ka small, nearly terminal ; umbonal ridge nearly obsolete. 
11 rather thick, strongest in the umbonal region, its outer 
ace nearly smooth, exhibiting only a few faintly impressed 

concentric lines. 

asta of the interior, in which condition the species is 
ually found, are terminated anteriorly by the well marked 
■ of muscular scars. The umbonal ridge is more pro- 
nced than on the outside of the S'hell being defined anter- 
y by a distinct depression. Good casts show a well de- 
d impression of the characteristic Modiolopsia cardinal 

or tooth between the beaks and the anterior muscle scars. 

cast of a shell of the average size is 45 mm. long, 30 mm. 
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high and 13 mm. thick. The hight is proportionately some- 
what greater in specimens preserving the shell. 

This species has been confounded with M. modiolaris Con- 
rad, by the Kentucky geologists. It is, however, quite' a dif- 
ferent species, being proportionally shorter, with a more ar- 
cuate cardinal margin, shorter and wider hinge plate, more 
nearly terminal beaks, and a dilTerent outline, the basal mar- 
gin in Conrad's species being always more or less sinuate 
whereas it is convex in M. ovi/omiig. Other diflferences might 
be mentioned, but these will suffice. 

Poaition and locality : This apeciea is very abundaot in the argilta- 
ceona strata overlying the lower maseive limeatoDes of the Trenton ot 
central Kentucky, at Burgin, Danville and Frankfort, Ky. 



Hodiolopsia Bimvlatrix, u. sp. 




Fig. 5, Modiolopiia iim'i!atn'.c, n. aji., Cincinnati group (lower beds) 
at Covington, Ky. a, b and <;, Ihree viewo of a, specimen of this Bpeciea 
which preserves the shell. The poatero- cardinal region should be a 
little more angular than shown. 

Shell a little below the medium size, transversely subovate 
in outline, widest posteriorly. Valves moderately convex, 
with point of greatest convexity somewhat above and in front 
of the middle. Anterior end short,not appreciably contracted, 
rounding almost regularly from the beaks into the nearly 
straight or slightly convex basal margin. Posterior margin 
the most prominent at a point a little below the center, but not 
greatly so, the curve on the whole being nearly equal from the 
basal margin to the posterior extremity of the slightly arcuate 
hinge line, where the outline is often subangular. Beaks small 
not projecting above the hinge line, situated about one-sixth 
of the length of the shell from the anterior extremity. Um- 
bones rounded. Surface between the umbones and the basal 
margin transversely flattened, but not sinuate ; cardinal slope 
flat or slightly concave. Entire surface marked with two sets 
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of concentric strise, one set very fine and crowded, the other 
much coarser. 

Length, 29 mm. ; greatest width, (measuring from the pos- 
terior extremity of hinge to the basai margin) 17.5 mm,; 
width at the beaks, 12 mm. ; greatest convexity of the two valves 
9 mm. 

This species should be compared withJf. ■modiolaris ConroA, 
M. coiiccidTLca H. and W., and M. sublruncnta of this paper. 
From the first it ditfers in having the basal margin convex in- 
stead of sinuate, the anterior end not lobate, a somewhat dif- 
ferent outline, and in being both smaller and comparatively 
more ventrieose. Similar differences distinguish it from the 
second, and to them may he added that in that species the 
concentric furrows are mainly restrintcd to the cardinal and 
posterior regions of the shell. In M. subtruncata the basal 
margin is straighter, the posterior end more obliquely truncate 
and the beaks more prominent. The surface is also without 
the strong concentric furrows and the outline generally dif- 

Position and locality; Rare in the lower beds of the CiQCinnati 
group, at Covington, 
above the Ohio river 



nolevatioRof between 100 and 150 ft. 



UodiolopBis pnlchella, n. sp. 



Fig. 6. Modtolopiu , , . 

cinnati group at Covington, Ky. 
b and c. end and cardinal profile v 



ia pulchella, n. sp., Utica slate horizon of the Cin- 
■ ^ of the only apecimen Been. 
show convexity. 

Shell of medium size, moderately convex, transversely sub- 
ovate widest posteriorly, the greatest height and length, re- 
spectively, as five is to nine. Cardinal margin straight behind 
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the beaks, bending down somewhat in front of them. Anter- 
ior end narrow, rather long, equalling one-fifth of the entire 
length of the shell ; beginning at the junction with the hinge 
line the curve is eharp, then gentle as it merges into the con- 
vex basal line. Posterior end somewhat obliquely truncate ; 
yet curving gently and uniformly from the narrowly round- 
ed and prolonged postero-basal region into the cardinal mar- 
gin. Umbones full, the obtusely angular umbonal ridge ex- 
tending nearly to the postero-baaal margin. Central portion 
of valves transversely flattened. Cardinal slope concave. 
Point of greatest convexity of shell above the center. Surface 
witb concentric furrows and fine concentric lines. These are 
crossed by obscure broad radiating lines which probably indi- 
cate former color bands. Both the concentric and radial orna- 
mentation is best developed in the central portion of the 
valves. 

The shell was very thin, and the anterior muscular impres- 
sion faint. Specimens of this species preserving the shell are 
not likely to be comfounded with any other species known to 
me. Casts of the interior in which the peculiar surface orna- 
mentation would be absent, would not be so readily distin- 
guished from similar casta of several species ocnuring in the 
Cincinnati rocks. There is however an appreciable difference 
in the outline and in none of these shells, is the umbonal ridge 
BO well-marked a feature as in M. pulchella. 

Position and locality. Rare in the Utica slate horizon of the Ciocin- 
nati group, at the "river quarries" a little weat of Covington, Ky. 

Hodiolopsia subtruncata, n. ep. 



and cardinal viewB of same to Bhow convexity . 

Shell of medium size or smaller, short, a little widest poster- 
iorly, the greatest length and width, respectively, as nine is to 
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Bix. Valves rather strongly convex, most prominent near the 
center, where the convexity of one valve equals about one- 
third of the greatest width. Cardinal margin straight, its 
length behind the beaks equal to a little more than half of the 
entire length of shell. Upper half of anterior margin straight 
or faintly concave, forming an angle of about 125° with the 
hinge line. Lower half curving rapidly into the straight basal 
margin, its curve equal to that of the margin in the postero- 
basal region. Upper half of posterior end straight, oblique, 
forming an angle of 130° with the hinge line ; junction between 
the two, obtusely angular. Beaks small, slightly prominait, 
situated one-seventh of the entire length of sheli from the an- 
terior extremity. Umbonal ridge broadly rounded, not a con- 
spicious feature. Cardinal slope flattened. Surface with 
rather strong irregular lines of growth and a few finer concen- 
tric striiE. 

Hinge plate narrow, with a long slender posterior tooth. 
Muscular impressions not observed. 

Length, 24,5 mm, ; greatest width in posterior half 15 mm, ; 
hight from base to beaks, 12.7 mm. ; from postero-cardinal an- 
gle to antero-basal margin 19.5 mm. ; from beak to postero-bas- 
al margin 23 mm.; greatest convexity of single valve 6mm. 

This species is related to M. tnmcata Hall, but i.'^ less high 
posteriorly, and more ventricose. It also has a narrower hinge 
plate and thinner shell, while the surface markings are also 
somewhat different. 

Poaition and locality ; Lower beds of the Cincinnati group, near 
Cincinnati, 01iio,at an elevation of about lOO ft. above low water mark 
in the Ohio river. 

HodialepaiB alata, n, b|>. 



o.o 



Fig. 8. Modioloptis alata n. Bp., Cincinnati group, Cincinnati, Ohio, 
a, and h, three views of a right valve preBerveilin sliale. c, view of the 
right Hide of a. free cast of the interior showing the small anterior scar. 
The rounding ol the iioatero -cardinal region is probably due to attri- 
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Shell small, transversely subovate, or Aviculoid in outline, 
alate and much the widest posteriortf. Valves appreseed. 
with point of greatest convexity above the center. Cardinal 
margin straight, its length equalling two-thirds of the greatest 
length of the shell- Anterior end forming nearly aright angle 
with the hinge line, then rounding gently into the basal mar- 
gin, the curve of the edge being very nearly uniform from the 
antero-cardinal angle to the poetero-basal region. Here the 
margin rounds quickly up into the posterior edge, the curve 
becoming gradually less to the angular junction with the hinge 
line, which it meets at an angle of about 115°. Beaks small, 
projecting very little above the hinge line, and situated about 
one-fourth of its length from the anterior end of the shell. 
Umbonal ridgainconspicious, only appreciable because of a 
slight concavity in the cardinal slope. Surface with faint con- 
centric lines of growth. Anterior muscular impression, as seen 
in casts of the interior, circular and small, but clearly defined. 

The largest specimen seen has the following dimensions : 
Length of hinge line, 12 mm; length from antero-cardinal an- 
gle to postero-basa! margin (greatest length of shell) 17mm; 
greatest hight, from center of basal margin to posterior ex- 
tremity of hinge line, 13 mm ; greatest convexity of two valves 
4.5 mm. 

Hall's M. aviculoides is a narrower and more convex shell 
The species also resembles M. tru/icaia Hall and M. pan^aot 
this paper. The first, however, is much larger, has a wider an- 
terior end and a thicker shell. The second also has a thicker 
shell and is much more convex. 

Position and locality : Rather rare in yellowish shalea of the Cincin- 
nati group, near the tops of the hills about Cincinnati, Ohio. 

Hodiolopsis parva, n. ep. 
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Fig, 9. Modioloptit parva, n. ap. a, left vWve X2,5, with the anter- 
ior end a little longer than Denal. 6, and e. cardinal and end profiles 
of same- Trenton group near Burgin, Ky. d, a left valve from the 
lower bedN of the Cincinnati group at Covington, Ky., also X2.5, e and 
/, end cardinal proiilea of name. The minute radiating strife -which 
occur on the posterior half of well preserved specimens are not shown. 
Shell very sraall, obliquely, subovate and somewhat Avicu' 
loid in outline, much the widest posteriorly; greatest bight 
and length, respectively, as three is to five. Valves strongly 
convex, with point of greatest convexity above the center. 
Anterior end small, apparently not contracted in front of the 
beaks, narrowly rounded and often suhangular at the anterior 
extremityof the hinge line. Central portion of ha sal margin 
straight, with the curves at the ends, where it rounds up into 
the anterior and posterior margins, equal. Posterior margin 
broadly rounded, the upper portion nearly parallel with tbe 
basal margin and forming an angle of about 140" with tbe 
cardinal line. Hinge line straight, extending nearly to the an- 
;erior extremity of the shell. Beaks small, nearly one-third of 
;he length of the hinge from tbe anterior end. Umbones 
prominent, the umbonal ridge strongly rounded, extending 
a point a short distance behind the center of the valve 
where it becomes obsolete. Cardinal slope flattensd or slight- 
ly concave. Surface smooth or marked with obscure, irregu- 
lar, concentric furrows or strife, scarcely traceable in the car- 
dinal and posterior regions, where good shells exhibit instead 
exceedingly fine and crowded radiating stri^. Shell substance 
comparatively thick. Interior not observed. 

Greatest length of the largest specimen seen, 12 mm, ; length 
of hinge line, 8 mm. ; greatest bight measuring across tbe shell 
at right angles with the hinge line, from itsposterior extremity, 
8mm. ; distance from same point to center of basal margin, 7 
mm. ; greatest convexity of single valve, 2.5 mm. In a smaller 
example from tbe "Modiolopsis bed" of the Trenton of central 
Kentucky, the same series of measurements give, respective- 
ly, 9, 6,5.7,5, and 2 mm. 

The small size, straight hinge, Aviculoid outline, great con- 
vexity, and comparatively thick shell are the distinguishing 
features of this species. M. alata, of this paper, bears some 
resemblance to it, but is a much less ventricose and more 
delicate shell. 
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about 150 ft. above theObio river. A specimen, represented in tbe cut 
bya,6aiidc, was lately collected in the "Modiolopsis bed" of tba 
Trenton near Bnrgin, Ky. 



ModiolopBia auguatata, 




Fig. 10, Modioloptit anguMtata, n. gp., lower beds of tbe Cincinnati 
group, at Covington, Ky. n, 6, and c, three views of a specimen of this 
•peciea. 

Shell email, elongate, a little the widest posteriorly, the 
length equal to two and one-half times the greatest width. Car- 
dinal and baaal margins nearly straight, sub-parallel. Anter- 
ior end contracted in front of beaks, somewhat extended, with 
the extremity curved abruptly. Posterior end convex, the up- 
per half rounding gently into the cardinal margin, the lower 
half the most prominent and with the curve more pronounced. 
Beaks short, flattened, slightly incurved, situated about one 
fifth of the entire length of the shell from the anterior extrem- 
ity. Body of shell moderately convexed, with a but slightly 
developed umbonal ridge ; central portion flattened from Ihe 
beaks to the basal margin, not enough however to cause the 
latter to become sinuate. Point of greatest convexity a little 
above the center of the shell, cardinal slope, very slightly 
convex or flat. Surface marked with small irregular concen- 
tric furrows, strongest centrally, and much flner lines between 
them. 

Length 23.5 mm. ; greatest hight (at posterior extremity of 
hinge line) 9 mm. ; hight at beaks, 7 mm,; convexity of the 
two valves in conjunction, 6uim. 

This species resembles Orthodexma in its elongate form and 
unusually extended (for Modiolopsis) anterior end. In all 
other respects however, it agrees very well with typical species 
of this genus. 

The New York Trenton species M. mytiloidea Hal!,{Pal.N, 
Y. vol. I, p. 157, PI. 35, fig. 4) may be a closely related species. 
The figures show it to be a more convex shell, with shorter an- 
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tenor end, more pronounced umbonal ridge, and more oblique 
posterior margin. The cardinal and basal margins are alao 
less nearly parallel. An undescribed species occurring in the 
upper beds of the Trenton of central Kentucky, is more 
closely related. 

PoBition and locality : Rare In the lower beds of the CiQcinnati group 
at Covington, Ky. 



LEO LESQUBRBUX. 

By Edward Obton. 

The revocation of the Edict of Nantes inflicted an irrepar- 
able injury upon the French nation in depleting it of its mid- 
dle class, from which its industrial energy, its science, litera- 
ture and art were mainly drawn ; but the Protestant neighbors 
of France gained correspondingly thereby. England, Hol- 
land, Switzerland and the English colonies in North Ameri- 
ca were greatly enriched by this enforced emigration. These 
Huguenot exiles brought unique and invaluable contributions 
to the countries in which they found refuge,— intelligence, 
strong convictions and the courage to maintain them, skill 
and taste in handicraft, and gracious manners the charm of 
which was everywhere recognized. Thoy at once became loy- 
al subjects of the governments that sheltered them and their 
contributions to the public service soon became out of all 
proportion to their numbers: For example, of the seven pres- 
idents of the congress that sat in Philadelphia during the 
revolution, three were of Huguenot parentage. 

It was from this stock that Leo Lcequereux sprung, and by 
its training and traditions his early life was shaped. His an- 
cestors, when drivenfrora France by the revocation, established 
themselves in the Swiss canton of Neuchatel and here, in the 
village of Fleurier, on the 18th of November, 1806, Leo Les- 
quereux was born. His father was a manufacturer of watch 
springs, owning a small factory and employing four or five 
workmen therein. His mother was well educated and had a 
great love of knowledge and great resjiect for superior attain- 
ments among those whom she met. She insisted that her son 
should have the betit education available, hoping to see him 
enter the ministry of the Lutheran church. 

From his early childhood he had an enthusiastic love of na- 
ture and especially of the sublime scenery that surrounded his 
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home. To scale the most difficult summits and to gather the 
rare flowers that grew there, were among his early ambitions 
and pleasures. He must have been a daring climber. On one 
of hia excursions, when about ten years of age, he met with an 
accident of so dangerous a character that his escape from 
death seems almost incredible. He had climbed the moun- 
tain that towers above Fleurier, but by a misstep he fell over 
the edge of a cliff, down the steep mountain eide. He struck 
first upon a projecting ledge and was rendered insensible by 
the fall ; from this point he rolled limp and unresisting, his 
descent being occaaioniilly checked by branches of trees or 
shruba, to the borders of the meadowland far below. When 
picked up there, he was found fearfully bruised and lacerated, 
but no bones were broken. For two week he lay unconscious, 
but at the end of six weeks he was on his feet again, the only 
permanent injury being a partial loss of hearing in one ear. 
The total deafness that overtook him in early manhood was 
no doubt connected in origin with this fearful fall. The coun- 
cil of the village had the wonderful story entered on its records 
and the cliff from which he fell was marked by a flag for a 
long time thereafter. 

At the age of thirteen he was sent to Neuchatel to begin his 
academic course. It was due altogether to his mother that be 
took this course, the lad himself preferring to remain at home 
and learn his father's trade. On entering school, child though 
be was, he was obliged to learn from the first the art of self- 
help. He earned enough to buy the books which he used by 
teaching pupils younger or less advanced than himself. 

Among his fellow students were two others to whom he was 
especially drawn, Arnold Guyot and August Agassiz, both of 
them of the same French Puritan stock to which he himself 
belonged. Louis Agassiz, an older brother of August, was now 
carrying forward his studies in the German universities, but 
was soon to return to Neuchatel as a professor. With Guyot 
in particular, young Lesquereux established the closest rela- 
tions of friendship and sympathy, which were terminated only 
by the death of the former in an honored old age, While stu- 
dents, they were inseparable in term time and vacation alike. 
The academic curriculum at Neuchatel was of the old type, as a 
matter of course. There was but one type known at this time 
it was mainly made up of the classical languages and litera- 
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tur«a, of mathematicB and philosophy. The coarBe was aevere 
and the training rigid and thorough. Young Lesquereux be- 
came a good classical scholar, even' according to the high 
Btandard that then prevailed. He read Latin and Greek at 
Bight and wrote Latin with facility to the day of his death. To 
accomplish these things costs strenuous labor, — there is but 
one road that leads to such results. His day's work as a stud- 
ent often covered fourteen, or even sixteen hours. Through- 
out his course he was obliged to eke out a scant allowance by 
giving private tuition to hie juniors in the college, but this 
work paid him not alone in the money he earned, hut in a firm- 
er hold on the subjects which he taught. 

It fell out in his after life that he made comparatively little 
direct use of what he learned at such an outlay of time and 
force in his college days ; but he never regretted the severe 
discipline to which he had been subjected. He ascribed to it, 
in fact, a large measure of the success that he afterwards 
attained in widely different fields. 

At the end of a seven years residence at Neuchatel, he had 
completed his academic course, and aside from a genuine and 
even enthusiastic love of nature, he had not come in sight of 
natural science. We hear nothing more of the study of theol- 
ogy and it is probable that he gradually drifted away from the 
end to which his earlier studies were directed. The love of 
learning had been awakened in the youth and he could not rest 
content at the point where he was left by his collegiate course. 
He resolved to continue his studies in a Genuau university, 
but in compassing this result he must depend upon his own re- 
sources. 

The easiest way for the youth just out of college to earn 
money was by teaching others what he had himself learned, 
and the easiest thing for him to teach was his native tongue 
and for this, happily, there was a good market at that time. 
French was the language of diplomacy and culture through- 
out Europe and a knowledge of it was indispensable to all who 
would advance in politics or shine in social life. 

Young Lesquereux found it easy to secure an engagement 
in Germany as instructor in French. He became private tutor 
in a noble family in the city of Eisenach, Saxe Weimar. The 
duties of instruction that he assumed required but a part of his 
time and he was at liberty to use the balance in private tuition. 
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The beBt families of the city fiirniahed him hia pupils. Among 
the households into which he was thus called was that of a 
distinguished soldier of noble birth, general Von Wolffakel, 
an attach^ of the court of the duke of Saxe Weimar. The gen- 
eral's daughter, beautiful and highly educated according to the 
standard of the time, became his pupil. She made great profi- 
ciency in French, learning to speak it with as much facility as 
her native tongue ; but both teacher and pupil managed to ac- 
quire another language during this tuition, new to them, but 
old as the human heart. When hie year was finished and he 
was about to return to Switzerland, the young tutor summoned 
courage to ask the parents for the daughter's hand. The 
mother was thunderstruck by his audacity, but the old general 
took a kindlier view. Before answering the question, he deter- 
mined to become personally acquainted with the suitor and 
finding the date on which he expected to set out for Switzer- 
land, he made an errand to the southward himself, taking the 
young tutor along with him in his carriage. As they drove for 
several days through the beautiful Thuringian forest, the wise 
and wary general sounded as best he could the intellectual re- 
sources, the tastes and character of his prospective son, reveal- 
ing himself, as well, by his questions to the latter. The test 
was well met on both sides, and when general and tutor bade 
each other farewell, the foundations for a genuine mutual re- 
spect that lasted with each as long as life, were well laid, and 
moreover there was a new bond between them. Mr. Lesquer- 
eux was to return to claim his bride when he could show his 
ability to support her. Much of the remainder of the journey 
to Switzerland he made on foot, but hia heart was light and 
his hopes were high. 

After his return, he soon obtained a position as teacher 
in the High School at Lode, at a salary of three hundred dol- 
lars a year. Presently he made a step in advance by gaining 
the principalship of the High School of the College of La 
Chaux de Fonds which brought him three hundred and sixty 
dollars a year. The latter place he won by sustaining a 
most rigorous competitive examination, continuing through 
an entire week. There were twenty-one competitors on the 
first day ; there were but two left for the last day. In prepar- 
ing for this examination, all the time he had been able to com- 
mand during the previouB three months bad been industrious- 
ly used. 
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Obtaining from the truateeB permiaaioD to increase his sal- 
ary by giving private lesBons out of school boure, and aecuring 
enough of such work to make his prospective income five 
hundred dollars per year, he felt warranted in returning to 
Eisenach for his bride. 

Mr. Lesquereux touched high life at several points through 
thia new connection. Gcethe was for forty years a member of 
the aame court to which hia wife's father belonged, and during 
her childhood she enjoyed the special notice and even the 
friendship of the great author. The family still prize the cor- 
respondence which Grethe maintained with his childish friend. 

Prince William, afterward to become the great German Kai- 
ser, came also to this court to find hia wife, viz., Augusta, the 
daughter of the grand duke of S axe- Wei mer— Eisenach. At the 
wedding, Mrs. Lesquereux was a bridesmaid and when a little 
later she heraclf wore the bridal veil, a young lieutenant of 
the army, Von Moltke by name, was the bridegroom's "best 
man:" the lieutenant became the greatest general of modern 
times. 

In the second year of Mr, Leaquereux'a married life the 
trouble in his hearing, the foundation of which was laid in the 
perilous fall of his childhood, rapidly increased. He Buffeted 
great pain during the progress of the disease. At time she be- 
came totaUy deaf, but would then secure partial though tem- 
porary relief. Finally, after a brave and persiatent effort to 
carry on his teaching, he wag obliged to resign hie position. 
Still hoping for restoration, he consulted an eminent physician 
in Paris, at whose hands he suffered treatment that would now 
expose anyone who should employ it to the charge of mal- 
practice. By it Mr, Lesquereux wa» thrown into brain fever 
and when he recovered from this, he was obliged to recognise 
the dreadful fact that he was hopelessly and incurably deaf. 

These facts required a new arrangement of hia life. Nothing 
seemed open to him at first but manual labor, and to this he 
turned with a cheerful courage that was most honorable to him. 
The change meaut a great deal to himself and more to hia wife, 
for it involved one of the most coatly sacrifices that we can 
be compelled to make, that, namely, of social position. The 
bridesmaid of a queen finds herself the wife of a mechanic. 
The trade selected was that «f engraving watch cases. He 
bought a turning lathe and applied himielf diligently to the 
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work ; but with all his efforts, laboring from six in the morn- 
ing to ten at night, he could earn in the beginning but one dol> 
lar a day. On this pittance he was obliged to support hie high- 
born wife : she ehowed herself, however, as brave as her hus- 
band. Just as he was becoming a master of this calling to 
such a degree that be could earn a better living by it, he was 
obliged to abandon it on account of its effect upon his hejiltb. 

At this juncture his father came to his re'ief, and offered 
him a partnership in the small factory, if the son would first 
spend a year in learning the trade. Nothing was left for the bril- 
liant young scholar and teacher but an apprenticeship in which 
the veriest village hinds stood on equal footing with himself. 
He passed this ordeal successfully, gained the partnership in 
due time and became relatively independent once more. But 
at this period, his life judged by all ordinary standards would 
have seemed to be a disastrous failure. His deafness had 
driven him from his profession and from society, and the only 
calling that appeared to open before him was a very humble 
one ; but his mind was active and he gave himself constant 
occupation in the world of literature during all his spare 
hours. By some chance he was drawn to the study of botany and 
especially to the division of the mosses. This is his first direct 
connection with science. He had but little time for such pur- 
suits, — Saturday afternoon and Sunday of daylight for collec- 
tion, but entire nights he made use of for study. He managed 
to buy a microscope and to begin the systematic examination 
of this family of plants. His natural gifts asserted themselves 
here and it was not long before the young mechanic was 
quoted as an authority on mosses. He had found at last hia 
calling, though he did not know it yet. 

About this time the gradual reduction of the forests of the 
Canton led the Government to new interest in the peat bogs, 
which furnished the larger part of the fuel of the poorer 
classes. In the carrying out of this interest the Government 
offered'e pri^e, a gold medal valued at twenty ducats, for the 
best essay on the formation and preservation of peat. Mr, 
Lesquereux determined to compete for this prize. Making 
arrangements with bis father, by doing extra work on certain 
days, he obtained a larger amount of daylight for his outdoor 
studies, and was able for a few months to employ Saturdays, 
Sundays and Mondays as well in this way. He probed the 
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peat bogs with instruments of his own devising; he determined 
their rates of growth and decay and the conditions of moisture 
and temperature that prevailed in them. So unintelligible did 
his new interest appear to the simple minded people among 
whom he dwelt, that he was even thought to have gone daft 
and was beginning to be called the "fool of the peat bogs," 
The manuecripts of the competing essays were sent in. Mr. 
Lesquereux'e essay was found by far the most exhaustive and 
valuable and the prize was easily awarded to it. This was a 
great triumph and his loyal wife was as happy as he in the re- 
sult. It had mainly been written in the dingy little factory 
where his days were spent ; -and most of it, so far as the com- 
position is concerned, while his hands were busy with the 
mechanical work that claimed them. To this report, all of our 
sound and valuable knowledge as to this important subject 
must be followed back. 

One of the happiest results of his new studies was the foiTn- 
ationofa close friendsliip with the illustrious Agassiz, who 
was now holding the chair of natural history in the Academy 
of Neuchatel. A committee was appointed by the Government 
to test the observations and conclusions that were embodied 
in the prize essay above named, and of this committee profes- 
sor Agassiz was a member. He did not at first accept all the 
author's conclusions, but as the commission traveled from 
point to point in the examination, he began to see that Les- 
quereux was master of the facts and of the philosophy, as well, 
and he became an enthusiastic supporter of the author's views. 
It was thus that Leo Lesquereux broke through the trammels 
that seemed to bind him to tasks unworthy of his powers. 
He could henceforth turn liis time to better work than drilling 
holes in watch springs. He had become a man of science and 
fortune was growing kind. The government of the canton forth- 
with employed him to write a text book on peat bogs for the 
use of the schools, and paid him five hundred dollars for the 
work. Presently a new public office was created, (hat of 
director of peat bogs, and 5Ir. Lesqucreux was appointed to 
fill it. He wrote also two other treatises upon the same gen- 
eral subject. As \iU fame extended, new and more responsible 
work was brought to his hands. The king of Prussia com- 
missioned him, moved in part thereto by the ties of friendship 
which Mrs. Lesquereux could plead with queen Augusta, to 
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explore and report upon the peat bogs of Germany, Sweden, 
Denmark, Holland and France. This errand gave him the 
unnsual advantage of extensive travel and wide observation 
under letters royal. To these tours also he owed the extensive 
personal acquaintance witli the scientists of Europe that served 
him BO well through the remainder of his life. 

The political changes that were sweeping through Europe 
in 1847 and '48, affected even the governments of the little 
Swiss cantons. By these changes, Mr. Lesquereux'a scientific 
work under the auspices of the State was arrested. Professor 
Agaesiz had already been attracted to the United States by the 
splendid opportunities for advancing science that were offered 
to him here, and Guyot and Lesquorcux followed in the next 
year, viz., 1847. To these three compatriots and lifelong friends 
American science owes a great debt. All have passed to hon- 
ored graves, but in countless ways their works still follow 
them. 

Dr. Lesquereux was forty years of age when he reached this 
country. Though in the prime of Hfo as years are counted, he 
was totally deaf. In his native tongue he could maintain a 
conversation so well by following the movement of the speak- 
er's lips, that a stranger might not at once discover hia infirm- 
ity. But our stubborn English tongue foiled him in this res- 
pect, and when it was employed, he was generally obliged to 
use pencil and paper in his conversation. Moreover, he had 
acquired our language without ever having heard it spoken 
and though he wrote English with force and precision, thanks 
to his early linguistic training, one needed to become accus- 
tomed to his pronunciation to follow him readily as he spoke 
it. 

His first scientific work in this country was done for profes- 
sor Agassiz. It consisted of a classification of the plants 
gathered by the latter in his Lake Superior expediton. While 
engaged in this work, and frequently for months at a time he 
was a member of Agassiz household. His report was publish- 
ed in 1S48. 

At the close of the same year, he was callnd to Columbus 
where he made his home for the remainder of his life. The 
circumstances under which he came to Columbus deserve to 
be mentioned, as they bring to light a history that has had 
few counterparts in the country hitherto. By the publication 
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in 1845 of the Musci Alleghanienaea, Mr. William S. Sullivant 
of Colunilms had put himself at the head of American bryo- 
lofEists, and was so recognized at home and abroad. The 
scientific collections of the Government in this department 
were coming into his hands for study and the field was in every 
way widening before him, bringing him more than he could 
do unaided. He was a gentleman of large fortune and was 
therefore not obliged to ask even a living from science. All of 
his work was done at his own charges, and most of it was pub- 
lished in a like manner. It was distributed among his fellow 
laborers in science with princely munificence. Mr. Sullivant 
called to his aid Mr. Lcsqucreux and for many years thereaf- 
ter, even to the date of Mr. Sullivant's death, the foremost 
bryologist of America and one of the most accomplished bry- 
ologists of Europe worked side by side, in the completest ac- 
cord and harmony, with mutual respect for each otlier'a ac- 
quirements and results. They effected thereby an immense 
advance in this department of science and made all future 
students of American bryology their debtors. Mr. Lesquereuz 
was employed by Mr. Sullivant for one or two years and was 
afterwards aided in various ways in carrying forward his work 
by the generosity of his friend. They published together the 
two editions of MmucI Exsiccali Americani, the first edition in 
1853 and the second in 1865. Mr. Lesquereux also had much 
to do with the crowning work of Mr. Sullivant's life, the splen- 
did Icones Miiscorum. The Latin t«xt is in part his work, and 
the publication of the second volume was carried forward un- 
der his direction after Mr. Sullivant's death. 

Mr. Lesqucreux's career has been followed thus far without 
a single reference to the de])artment of science in which by far 
his most important work was to be done, the department, 
namely, of paleobotany. His interest in this subject began 
before ho left Europe. While still in Switzerland, he had ac- 
quainted himself with the foundations of fossil botany laid by 
Brongniart and others; and as early as 1845 he began to pub- 
lish observations of his own in this field. But his real work 
in paleobotany bcftan about 18-50. A passing reference i 
Brongniart had Buggented the view that coal-seams originat 
under conditions similar to those in which peat bogs are no 
formed. In the mind of one who knew more of peat bogs tha 
anyone had ever known before, the suggestion took root an> 
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expanded into a theory which covers the ori(^in of by far the 
largest part of our valuable accumulations of coal. The 
theory, variously supported and reinforced by American facts 
though not without grave difficulties, holds decidedlj' the firat 
place today amon^ the theories of coal formation in the geo- 
loftical world. 

But it was not in the theoretical suliject of coal formation, 
many of the problems pertaining to which are difficult and 
perhaps for the present insoluble, that Dr. Le'sf jue re ux's great 
work was to be done. It is the plants, high and low, that have 
coveretl the earth in the past, and especially those assemblages 
of thera which we denote coal floras, that were to be illustrat- 
ed by his patient labor and illuminated by his wide and in- 
creasing knowledge. Attached to the descriptions of a great 
number of these fossil phinte, including many of the most 
abundant and important of the most valued floras of all time, 
the cabalistic letters "Leqx." will remain as long aa paleonto- 
logical scieni'e is cultivated. Dr. Leaquereux's labors covered 
the great Appalachian coal field, as it occurs in a half dozen 
states, and from the bottom of the series to its summit. Equal- 
ly fruitful were his studies of the floras of the later coals. 

The most valuable single contribution that he hag made to 
paleobotany is unquestionably "The Coal Flora of Pennsyl- 
■ vania", published by the Second Geological Survey of that 
state. There is no other American work on the subject that is 
even to be named in comparison with it. It was written when 
the venerable author had long passed his three score yearsand 
ten, and while embodying all hia knowledge and experience, it 
showa no signs of flagging strength or failing powers. A list 
of his most important contributions to Bcienec will be given at 
the close of this paper. It stands for a prodigious amount of 
labor of the highest grade, accomplished under the fearful dis- 
advantage of total deafness. 

For the last forty years, the name of Leo Lesquercux has 
been known and honored throughout the scientific world. He 
was made a member of a score of the leading scientific socie- 
ties of Kurope and was the first elected member of the Nation- 
al Academy of Sciences, of the United States. In 1875, he re- 
ceived the degree of Doctor of Laws from Marietta College. 
He maintained intimate relations by a constant and most kind- 
ly correspondence with all the leading paleontologists of Eu- 
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I, Oswald Heer, in particular, was one of hia most valued 
ids and when his death occurred a few years since, Dr. 
juoreiix felt as if a brother had been stricken down. Pro- 
)r Guyot's departure impressed him in the same way. The 
.h of his beloved wife occurred not far from these dates 
the world began to look empty to him. The sentiment 
pridem inutilis annos demoror, began to find frequent ex- 
sion in his conversation. "I belong to a past generation," 
?ould say, "my friends and contemporaries are all gone; 
I'hat do I remain?" But, although almost impatient for 
aumraons to cross the bar, he never for a monent lost Ms 
nity and never, until the busy brain at last gave way, aban- 
sd his tasks. He died in his modest home in Columbus, 
)ber 25, 1889, af;cd nearly 83 years. 

e was modest in his estimate of his own work. All the 
wledge that has been attained in the departments of which 
new most, seemed, in his later years, very small to him. 
;now a little," he sometimes said, "other students of science 
IV each a little, but the whole of what is known is but frag- 
tary and insignificant, — merely a few pebbles picked up 
g tlic ocean shore." 

r. LesqUercux was a devout Christian believer; he lived 
died in the communion of the Lutheran church. He ex- 
cd his creed to take in all scientific discoveries, but he did' 
count any of its essentials disturbed thereby. He seems 
:r to have been reached by the currents of modern thought 
:h have overflowed the old foundations for so many. 
is a pleasure to add that his noble library, largely com- 
'd of presentation copies of the most valuable paleonto- 
;al works of the last half century, will be maintained in- 
It has been purchased with this intent through the en- 
tcned public spirit of P. W. Huntington, Esq., of Cotum- 
and will be placed where it can be fully available for the 
loses of science. 

r. Lesquereux was personally known to but few residents 
e city in which the last forty years of his life were spent, 
lie was respected and honored by a much wider number 
there were muiij- that felt, when he was borne out of his 
ble cottage to his last resting place that an illustrious cit- 
had passed from among us. 
le facts for this sketch have been derived from conversa- 
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tions with Dr. Lesqu£reux, from his son, Leo Leaquereux, Jr., 
from an excellent sketch in the Mute's Chronicle, January 15, 
1887, and from a valuable article prepared by Miss Lida R. 
McCabe for the Popular Science Monthly, April, 1887. 
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By Robert Hat, F. (i. S, A., Juoetlou City. Kaueaa. 
Road before tlie Kannns Academy olSclpncy, Wichita. October. 1880. 

There are wells yieldinp; artesian flow of water in many 
parts of Kansas. The following may perhaps be considered 
the principal places : Port Scott in Bourbon county, Mound 
Valley in Labette, St. Mary's and Wamego in Pottawatomie, 
LawrenceinDouglas, northwest of Alma in Wabaunsee county, 
at the east line of Cloud county, Oberlin in Decatur, near 
Great Bend in Barton, Lamed in Pawnee, on Crooked Creek 
in Meade, at Ricbficid in Morton, and Coolidge in Hamilton 
county. 

These wells are of all depths from less than fifty feet to six 
hundred and more. The water comes from rocks of different 
geologic i>eriods. It is of very different kinds, from soft 
water, pleasant for domestic use through others of moderate 
hardness to some that are highly mineralized and of more or 
loss medicinal (juality. Some are decidedly saline. 

The largest flow in the state is at Larned, There a strong 
brine rushes to the surface with great force to a bight of over 
fifteen feet. It spouts forth from a depth of four hundred and 
thirty feet and more at the rate of from 250 to 300 gallons per 
minute. It is used for medicinal purposes and for swimming 
baths. A part of its waste may be seen from the railway in 
the form of a fountain more than fen feet high. 

Wells at Coolidge nearly three hundred feet deep are obtain- 
ing from Dacotah sandstones a supply of good water but 
slightly mineralized. The largest, yielding one hundred gal- 
lons iier minute is utilized for the city water-works. Others, 
giving out each about fifty gallons per minute are used for 
irrigation and watering stock. There is one of small flow — 
six or eight gallons per minute — also used for irrigation. 

In -Mciide county there is a group of wells in an area of sev- 
eral i-i|uare miles that at depths varying from fifty to one hun- 
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dred and eighty feet yield a good water suitable for doraeetic 
purposes in quantities varying from three or four gallons per 
minute to over sixty. The largest yields 66 gallons per min- 
ute and on another farm there are three wells with an aggre- 
gate flow of 98 gallons. Some, but not nearly half, of the 
water of this district is used for irrigation and two of the pro- 
prietors turn it into carp ponds. This water is obtained from 
debrif of the miocene grit probably broken up in pliocene 
time and covered by a light blue impervious clay. The grit 
outcrops on the edges of neighhorinn high prairie ; the wells 
iire all in the Talley, so the source and course of the water 
are easily determined. 

The wells in Hamilton, Meade, and Pawnee counties owe 
their waters and their force to the usual causes of artesian 
flowage. Those are, the not very distant outcrop of porous 
strata catching the rainfall of a considerable area, the dip of 
these porous strata towards the wells and the overlying and 
underlying impervious beds of clay or clay shales. These 
conditions are illustrated in the diagram, (See page 298.) 
Ths cause of the flow may be called hydkostatic pressure. 

The artesian flow at Mound Valley in Labette county is a 
remarkable example of another force. The well was bored for 
gas or coal. Water was encountered at two places in the 
first hundred feet and a small quantity of gas at 203 feet. At 
277 feet there was a copious inflow of strong brine which rose 
some distance in the tube. At 449 feet there came a flow of 
gas so powerful that it lifted the column of water to the sur- 
face and maintained it as & flowing well. This example is a 
good one of oas pressure as an efhcient cause of artesian 
flow. There are other wells in which this is a probable cause 
also, but not so certainly indicated as in this case. These 
might be called gas artesian, or in more direct reference to 
their cause ffas pressure wells. 

There is besides the true artesian wells and those which we 
have called "gas artesian" another class of wells which have 
the artesian flow, but which do not seem to be accounted for 
by the principles illustrated in either of those groups. These 
wells have two characteristics in common : they are rfcep wells, 
and they have only a small ilow. There are doubtless some 
others but there are three which will serve to illustrate what 
we have to say. They are at St. Mary's and Wamego in Potta- 
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wotamie county and at Richfield in Morton county. They 
each have another quality in common, but thig is also com- 
mon to all deep wells whether artesian or not, viz : the water 
ia highly mineralized. That of the Pottawotamie welle is 
strongly saline, that of Richfield ia without the salt, but has 
iron and other ingredients. 

The artesian water nt Waniego comes from a depth of 300 
feet (289 to 304). That at St. Mary's in the same well (there 
are several flows) is from depths of 454, 675 and 958 feet. 
That at Richfield is from a depth of just under 600 feet. The 
flow at Richfield ia 6^ gallons per minute. The wells in Potta- 
wotamie county have not had their flow measured but no one 
of them exceeds that at Richfield ; they appear to be much 
leas. 

In at least one of the St. Mary's wells there is a suspicion 
that gas may help to sustain the column of water, but there is 
no such appearance at Waraego, and at Richfield (he ca::ie is 
the same. 

The Pottawotamie wells are in paleozoic (Coal Measure) 
strata. The Richfield well is in Mesozoic, the principal 
part being in Dacotah, and Red beds (Triaseic) with a little 
Tertiary at' the top. In neitlicr of these cases do we have 
apparent the conditions of an ordiniiry artesian well. We 
have not seen an outcrop nor recognized a dip of strata that 
would point to the source of the flow as in ordinary cases. 
Diligent enquiry has not revealed that other persona have 
recognized suitable outcrops. The outcrop of the paleozoic 
strata is to the east of St. Mary's and there the surface of the 
country is lower than in Pottawotamie county. A possible 
outcrop for the Wamego sandstone horizon might be found in 
the highland south of the Kaw river and east of Topeka, but 
the St- Mary's wells give no water at that depth and they are 
nearer that outcrop though not in the exact line of the dip. 
The outcrop of the St. Mary'a water horizons can only be 
found much farther east where the surface is lower than at the 
wella. The outcrop of the Richfield water horizon must be 
looked for to the west. The land is higher in that direction 
but the outcrop of the horizon which is here GOO feet deep 
must be at a distance too great to warrant the looking to this 
outcrop as the source of the well. 

It would seem then that in these wcila of small outjiut from 
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considerable depths fome other than the usual causes of arte- 
Bian flow must be looked for. We think that there is a cause 
ready to our hand Bufficient for ail such phenomena. It is 
always in oi)eration and might be expected sometimes to pro- 
duce such results. 

This cause we will call rock pressure. All rocks in the 
earth's crust contain some water. The more porous rocks 
contain the greater quantity. At a distance below the surface 
the superincumbent strata subject the rock mayses to enor- 
mous pressure. If we assume that the rocka of Kansas to a 
depth of one thousand feet have an average specific gravity 
three times as great aa that of water we are probably within 
bounds, as, though limestones and sandstones are usually 
somewhat leas', the presence of iron in many of the beds will 
bring up the average considerably. On this basis a prism of 
the rocks to the depth of 600 feet and one inch square would 
weigh 781 pounds, which is equivalent to a pressure of 52 
atmospheres. If, then, 25 feet be taken as the measure of a 
column of these mineralized waters equivalent to one atmos- 
phere, the rock pressure would be more than the equivalent 
of a column of water twice this hight. 

Let a water-bearing stratum at a depth of GOO feet as at 
Richfield, be pierced by the drill we should then have the 
rock pressiire of 52 atmospheres squeezing the water out of the 
rock pores and, granting sufficient plasticity in the rock and 
a sufficient quantity of water, it must rise in the tube which 
has only the pressure of one atmosphere upon it. A large 
bore to the well and a small supply of water would be against 
its reaching the surface. On the other hand a bed rock with 
mobile molecules at or near saturation, under this enormous 
pressure must cause in a narrow tube a flowing well. At 300 
feet the rock pressure would be only half that given above or 
26 atmospheres and the column of water to be supported will 
be diminished in pro})ortion. At other depths the same pro- 
portions will hold fTOod. 

Here then we have a force that may be merely an aid In 
some cases of artesian flow which is mainly due to the usual 
causes of such flow, and which is a most efficient cause for 
the constant flow of wells whose depth is great and whose 
quantity of water is small. We are inclined to consider j-ock- 
pressure as the cause of the flow of the Potlawotamie and 
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Morton county welle, at least till future search shall make 
more probable that it is due to the usual causes of artesian 
wells. 

At soms future time we may endeavor to classify all the ' 
artesian wells of Kansas with reference to the eflScient causes 
of their flowage. At present we must be content with here 
suggesting the three forms of hydrostatic, gas, and rock- 
pressure as these efficient causes and especially to call atten- 
tion to the last two in the cases of deep wells of small outflow. 



CRYSTALLOGENESIS. ■ 

Bj Dr. H. Hessoldt. 

Scbool of Mines. Cotninbla College, New York. 

I. 

" We live in that predicament that our facta have outstrip- 
ped our knowledge and are now encumbering its march. The 
publications of our scientific institutions and of our scientific 
authors overflow with minute and countless details, which per- 
plex the judgment and which no memory can retain. In vain 
do we demand that they should bo generalized and reduced in- 
to order. Instead of that the heap continues to swell. We 
want ideas and get more facts. We hear constantly of what 
nature is doing, but we rarely hear of what man is thinking. 
We are in possession of a huge and incoherent mass of obser- 
vations, which have been stored up with great care, but which 
until they are connected by some presiding idea, will be utter- 
ly useless." 

This passage from Buckles' "History of Civilization in 
England'" is brought to my mind whenever I hear of the dis- 
covery of another asteroid, a new mineral, parasite or hitherto 
undescribed fungus. It would seem as if the vast majority of 
our observers beheld in the mere recording of trivial facts the 
sole aim and end of science. Witness the large and pitiful 
army of our museum -zoologists and herbarium -botanists . 
Is it because their mental caliber is such that they recognize 
the hopelessness of any other course in their frantic struggle 
for temporary notoriety? 

Crystallography, on account of its numerous inherent com- 
plexities and difficulties is a subject so utterly distasteful to 
even many "mineralogists" that a general diffusion of its teach- 
in gs can never be hoped for, yet it is amazing to notice the 
~ Vol. Ill, p. 379, London, JH73 
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blindness which prevails even aniong adepts in reference to 
some of its features — features which have a direct bearing on 
the profoundeat cosmical problems, and which in scope and 
grandeur are without a parallel in other departments of science. 

One of the most significant discoveries of modern physics — 
a discovery in which the sciences of mineralogy, optics and 
molecular dynamics are, perhaps, equally involved — is that of 
the singular relations which exist between the external shape 
and the optical properties of crystals. Itia not a diacovoryi 
which, like the announcement of KirchhofTs lucky interpreta- 
tion of the mysterious Fraunhofer lines, has startled us by its 
suddenness, or indeed one for which we are indebted to the 
genius of an individual. It was foreshadowed by Newton's 
great contemporary Huyghenfi* and, in a measure, outlined by 
Fresnel, Arago and Brewster, though its evolution proper may 
be said to date from the moment when, in 1814, Wollaston dis- 
covered the rings of Iceland spar, and mineralogists, after end- 
less comparisons and angle-measurements, had come to the 
conclusion that all crystals could be arranged in six groups or 
systems, 

A review of the fundamental facts of crystallography, or 
mere repetition of what may be found in every elementarj' 
text-book, is not here intended. It is taken for granted that 
the reader is aware of the difference between a tetrahedron 
and a hexagonal prism, especially in reference to axial rela- 
tions, etill a detailed knowledge of the intricacies presented by 
the world of crystals is by no means essential to a full compre- 
hension of the points which I am about to present. 

We have six cry stall ographic systems, and it hasbeenniath- 
ematically demonstrated by Quenstedt that a seventh is im- 
possible. All minenil bodies, whether compound or elemen- 
tary, whose form and structure is dotormineit by a symmetri- 
cal accumulation of particles in three directions and which 
present polyhedral boundaries can be arranged in six groups, 
and no matter what the mineralogy of the future may have in 
store for ug in the way of surprises, the number of fundamen- 
tal systems will never be increased. An accumulation of par- 
ticles, development or ''growth" in }esn than three directions is 
inconceivable, and the discovery of a fourth would be equiva- 
lent to that of the mysterious "fourth dimension of space" so 

'Tractatus de Lumine. (lijOO.) 
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much talked about and Bought after by muddle-headed phy- 
sicists. 

Many a student of Natural History, who has hitherto fought 
shy of crystallography on account of the mathematical ele- 
ment which is BO prominently associated with it, would be 
startled to abserve that behind it8 grim and uninviting exter- 
ior a world of fascination and splendor is concealed, and that 
in the wealth of its unsolved problems it affords a greater 
richer and fuller 6eid for research than any of the old and 
well-beaten paths of animal and vegetable morphology. 

If we consider crystals of every possible shape or dimen- 
sion in reference to the essential factors by which the distinc- 
tive character of each is determined, viz. their axes of symme- 
try, we are struck by a curious fact. If we afterwards consid- 
er the same crystals in reference to their optical properties — 
so far as the latter can be ascertained by sufficient transpar- 
ency — the same curious fact is again forced upon our attention 
and our astonishment is by no means lessened when we find 
it persistently manifested, no matter in what direction we ex- 
tend our comparison of general physical relations, such as 
thermotic, sound and heat-conducting properties, etc. This 
fact consists in the singular recurrence of the numbers 1, 2 
and 3. 

A crystal may be defined as an aggregate of particles, accum- 
ulated and symmetrically disposed in reference to certain lines 
or "axes" in obedience to laws which, as yet, are very imper- 
fectly understood. The fundamental number of these axis is 
three, though for the sake of convenience we assume four in 
one of our cry stall ographic systems. 

Now when we come to examine these lines of symmetry a 
little closer, we observe that only one system, viz. the isome- 
tric, ischaracteriKcdby perfect axial uniformity ; the three axes 
are of equal length so that either may be regarded as thejmn- 
cipal one. In rirasyatems, however, only two of the axis are 
equal and in ithe remaining three all the axes are unequal. 
The numbers 1, 2 and 3 are thus manifested in the following: 
Axial rlnm/icalion. 

One system with 3 equal axes. (Isometric.) 

Two systems with 2 equal axes. (Tetragonal and Hexagonal.) 

Three systems with 3 unequal axes. (Orthorhonibic, Mon- 
oclinic and Triclinic.) 
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Now we find that the crygtals of only one system are simply 
refractive or isotropic. If a pencil of light falls obliquely on 
one of the faces of such a crystal, it merely experiences a 
change of direction, but it is not split or divided into other 
pencils, which diverfre and follow difiejent paths. The system 
which is thus optically characterized happens to be the one in 
which the three axes are of equal length, viz. the isometric. 

The crystals of the five remaining systems exhibit the 
phenomenon of double refraction, but we observe the curious 
fact that in two systems simple refraction takes place in one 
direction only (optically unaxial crystals), and in three sys- 
tems in two directions ( optically biaxial crystals). And what 
is still more remarkable, the optically unaxial crystals are 
those of the systems in which two axes are of equal length, 
while the biaxial are, without exception, those of the sys- 
tems in which all the axes are unequal. Thus the numbers 
1, 2 and 3 are again significantly brought to our notice in 
the 

Optical dassijicalion. 

One system simply refractive in all directions. (Isometric.) 

Two systems simply refractive in one direction (Tetragonal 
and Hexagonal.) 

Three systems simply refractive in two directions. (Orthorh. 
Monocl. and Tricl. 

It has been pointed out by Brewster, Mitscherlich, Gmelin, 
Pereira and others that some crystals, when heated, expand 
equally in all directions, while in others the degree of expan- 
sion varies according to the direction, so that we obtain axes 
of greatest medium, and least expansibility. Careful recent 
experiments have confirmed this discovery of the earlier ob- 
servers and we are now enabled to classify crystals accord- 
ing to their therm otic behavior, viz. .theslight external changes 
brought about by various degrees of temperature. 

Now it is certainly curious that the crystals which expand 
equally in all directions belong to the system in which the 
three axes are of uniform length, viz., the ieometric. The crys- 
tals of two systems — tetragonal and hexagonal — expand equal- 
ly in two directions, which kappeivi to coimcide with their equal 
axee, but those of the three remaining systems expand unequal- 
ly in three directions. We have, therefore, once more the num- 
bere 1, 2 and 3 in- the following : 
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Thennic classification. 
One Byetem equally expanding in all directions. (laometric.) 
Two aysterae equally expanding in two directions. (Tetra- 
gonal and Hexagonal.) 

Three systeins unequally expanding in three directions. 
(Orthorh., MobocI. and Tricl.) 

It has also been established that the conducting powers of 
crystals in re^rence to heat, sound and electricity are, in like 
manner, governed by their axial relations, so that we might 
produce additional classincationB in which the numbers 1, 2, 
and 3 are exhibited iti precisely the same way. 

To sum up : The crystals of one system have three axes of 
equal length, are singly refractive and expand, on heating, 
equally in all directions. The crystals of two syetems have 
two axes of equal length, are optically uniaxial and expand 
equally in two directions, viz., those of their equal axes. The 
crystals of three systems have all their axes unequal, are op- 
tically biaxial and expand unequally in three directions. 

What are the conclusions which these facts enable us to 
draw with regard to the internal structure of crystals, the 
groupings, arrangement or shape of their ultimate particles? 

Crystals, like all other aggregates, are composed of minute 
particles, and the difference between crystallized and amor- 
phous matter may be likened to that between a well-drilled 
regiment and an unorganized mob- In crystals the compo* 
nent particles are symmetrically grouped or arranged, while in 
amorphous bodies they are piled up in a confused mass. More 
than 70 years ago the subtle Brewster' expressed his con- 
viction that the optical properties of crystals "must depend on 
the form of their integrant molecules and the variation in their 
density" and it is astonishing how completely his views have 
been supported and confirmed by more recent apeculationsand 
research, or rather, what little progress has been made in this 
direction by our modern parlor scientists, who apparently at- 
tach more value to the discovery of a new mineral than to the 
solution of the great problems of crystallogenesis. 

We will, for the sake of convenience, retain the commonly 

accepted term of molecules for the email particles, of which 

crystals are composed, and in considering the external forms 

of the latter, their optical, thermotic and other properties, we 

' Philoa. Traneactione 1818, p.MM. 
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will endeavor to ehow in how far these physical phenomena can 
be accounted for by mere structural differences and modiGca- 
tionein the way of molecular grouping. 

There is no neceaslty that our particles should be primary 
in the sense of modern dynamics and chemistry, where an 
atom is defined as the smallest particle of an elementary sub- 
stance which by mere juxtaposition with the particles of other 
substances gire rise to a combination, and where the term 
"molecule" is applied to the smallest conceivable aggregate of 
atoms in a compound body. 

An atom is, of course, practically invisible, and even the 
most complicated aggregate of atoms, as presented in the mole- 
cules of certain hydro-carbons, has hitherto escaped the resolv- 
ing power of our best lenses. But the particles of which Crygtola 
are composed can be clearly discerned with a ^ inch objective 
— very rarely in the finished crystal, but whenever a substance 
is examined under the microscope during the process of crys- 
tallization — and wherever the operation of crystalline forces 
can be observed under high powers of magnification. There 
are grounds for believing that each of these visible particles 
(of which more anon) is an augmented molecule, viz., an ag- 
(fregate of molecules, just as a molecule is an aggregate of atoms 
and that no single molecule is capable of manifesting polar 
forces of sufficient energy to enable it to play a part in crys- 
talline economy. 

In reference to primary molecules and atoms it is obvious 
that all observations on their shape and dimensions must re- 
main speculative till opticians can furnish us with a combina- 
tion of lenses which affords an amplification of at least 30,- 
000 diameters. Considering the fact that no perceptible pro- 
gress has been made during the last twenty-five years in the 
efficiency of high power objectives' — notwithstanding the per- 

'The liigh-power objectives made twenty-five yearB Hgo by A. Boas, 
Wenham, Powell i% Lealand, Richard Beck and Qtherx have not been 
BurpasBed and are barely equaled by those oE the most renowned mak- 
ers of the present. There baa been absolutely no gain in amplifica- 
tiiin and the only apparent ''progreaH" made ib the very doubtful one 
that we can now, at extortionate prices, purchaae objectives of wide 
angular aperture and comparatively low mai^iifying power. The use 
of wiile angled high-power objectives is limited to a few objecta, and 
in powerB loner than a ^ great ani;uiar aperture is an unmitigated 
nuisance. To desire wide angular aperture in a "halt-inch" ob- 
jective ia the higlit of absurdity and it is to be regretted, in the interest 
of microscopy, that our opticians have been encouraged in the produc- 
tion of such monstrosities by a tew addle-beaded extentrics. 
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io'lical announcements of advertising opticiaue and their 
dupee, of pretended wonderful iraprovementB — and conaider- 
ing the almost in surmountable difficulties encountered in this 
direction, the writer cannot but express hia doubts whether 
the question of the size and shape of the primary moleculeB 
will ever be solved by direct observation. 

Two prevailing opinions, however, originated by the fore- 
most observers of half a century ago, deserve our consideration- 
According to the deductions of Haiiy, molecules and their 
constituent atoms are angular in form, while according to 
Wollaston, Hooke, Brewster and others they are more or lesB 
. spherical. If we bear in mind the fact that all true crystals pre- 
sent angular outlines, which are persistently manifested even 
under the moat adverse circumstances, and often strikingly re- 
peated in their cleavage producte, we may, at first, feel tempt- 
ed to adopt the views of Haiiy. What could be more natural 
and reasonable than the supposition that thft fundamental 
form of a crystal is determined by that of its component parti- 
cles : in other words that an octahedron of magnetite is an ag- 
gregate of innumerable minute octahedrons and a rhombohe- 
dron of Iceland spar built up of innumerable calciterhombohe- 
drons? There we have an hypothesis which accounts, in the 
most plausible and delightful manner for almost everything, 
except its own wonderful premises and these a^re, at once, its 
fatal stumbling block. The conception of a world composed 
of cubical, octahedral and dodecahedral molecules — not to 
mention the rest ofholohedral forms of the six crystallogtaph- 
ic aystema — is, to say the least original, but a theory which, 
in order to explain one mystery, deliberately introduces an- 
other and far greater one, cannot be regarded as very satisfac- 
torj-. This kind of philosophy reminds one of the Atharva- 
Vcda tradition,in reference to the"foundations of the universe," 
expressed in stone on many a Hindoo temple. We there be- 
hold the figure of an elephant, carying on its back a huge disk, 
which represents the world. The elephant, again, is sup- 
ported by a still more gigantic tortoise. The speculative Hin- 
doo is not so much interested in the question of the world's 
creation as in the problem of its foundation or support. 
"What does the world rest on?" I once asked a Brahmin. 
"An elephant." And the elephant? "On a tortoise." And the 
tortoise? "Well — (after considerable hesitation) that supports 
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itself." Indeed ! Bupporta itself. Would it not have been 
much simpler to make the world self-supporting at once? 
Why introduce the elephant and the tortoise? They explain 
nothing ; on the contrary, they only increase the world's weight 
and our difficulty. 

The "angular hypothesis" which maintains that the funda- 
mental form of a crystal is determined by the shape of its in- 
tegrant molecules, has very few adherents now, and is practi- 
cally a thing of the past. On the other hand, the example of 
the spheroidal form of the planets, the tendency which liquids 
and even gases manifest to assume the spherical shape' and 
the mechanical facilities which the hypothesis of rounded par- 
ticles offers in the grouping of molecules, have induced later 
inquirers to adopt almost unanimously the views of Wollaeton 
and Hooke. We are now in a position to show, by cir- 
cumstantial evidence — at least as weighty as that from which 
we infer the existence of a luminiferous ether — that molecules 
must be more or less spherical, and in the case of "augmented 
molecules" alluded to in the foregoing, viz., the minut« parti- 
cles of which crystals are composed, we have abundant direct 
proof of this, as their forma are revealed by a magnification of 
less than 1500 diameters. 

But there is no reason whatever why the form of a molecule 
. should not be capable of variation within certain limits. Why 
should it be absolutely constant? The conception of particles 
which under all circumstances preserve their outlines fixed 
and rigid is more difficult than that of particles which mani- 
fest a certain plasticity, and, with an elastic molecule as our 
starting point we can account for all the phenomena of crys- 
tallogenesis. It will be shown anon that this is more than an 
arbitrary hypothesis ; molecules, when uninfluenced hy exter- 
nal agencies, assume the spherical form, but pressure, whether 
exerted upon them by mechanical or polar forces, causes pro- 
portionate changes of outline. If once we can establish the 
precise character of these forces, we can, with comparative 
ease, determine the shape of each molecule in a given crystal. 
Symmetrical forms must necessarily result from forces equally 
exerted along particular lines or planes. If we compress a 
number of elastic rubber-balls, we observe that they assume 
oblong, hexagonal, cubical and even tetragonal forms, iiccord- 
^Vide Pereira. 
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ing to the character and direction of the energies employed. 

The planet, on which we live, is a spheroid, whose shortest 
diameter is at the Bame time its axis of rotation and the direc- 
tion of greatest attraction, Aa far ae we have been able to as- 
certain, the same conditions prevail on all the planetary bodies 
of our system. The analogy between planets and molecules 
is not a mere superficial one,' and reasoning from all the data 
in our possession, we cannot be far wrong if we look upon a 
free molecule as a rotating spheroid, with a 'north and south 
pole, and an equatorial region where gravity is, in some meas- 
ure, counterbalanced by centrifugal force. 
I To be comiDued.] 



THE BRENHAM, KIOWA COUNTY, KANSAS, METEORtTES 
St N. H. Wihchell nod Jaxes A. Dodqe, HinneapoUi. 
I 

We are indebted to Prof. Robert Hay for information re- 
specting the finding of this group of meteorites, and for assis- 
tance in procuring two of them. The entire group, so far as 
ascertained, numbered at least fifteen. They were dis- 
covered some years ago (1885) when the prairie of that part of 
the state was Orst plowed for cultivation, but the ranchmen 
and farmers simply regarded them with idle curiosity as 
"heavy stones." The high prairie and a sand-hill region, are 
totally destitute of stones of every kind. Only in the ravines 
is there a show of transported gravel. Some efibrt was made 
by some parties to attract the attention of scientists to them, 
but without success. Only lately has their true character 
been discovered. Several of them were at once purchased by 
Prof F. W. Cragin, of Washburn College, Topeka, and by Prof. 
F. H. Snow of the Kansas State University, Lawrence. Two 
were purchased, at second hand, and are now at the Universi- 
ty of Minnesota ; four of the specimens of Prof. Cragin have 
subsequently been purchased by Mr. George F. Kunz, of New 
York, his collection weighing over nine hundred pounds. They 
vary in size from four poinds to four hundred and sixty-six 
pounds. The largest specimen is owned by Mr. Kunz, one of the 
smallest weighing six pounds, being one of those examined by 
''Atomic worlds aad their motions." Pop- 
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the writers. They were ecattered over an area of fifty or sixty 
acres, imbedded at shallow depths in the pleistocene upland.' 

According to Prof. Cragio they are closely allied in general 
characters, and belong to the class of tfvm, as distinguished 
from the itony meteorites, only one of them having a specific 
gravity above 7. The others seem to have been all fragments 
of one large pallasite of which the total weight, so far as dis- 
covered, was about 1,500 poonds. Three of these pieces have 
given a specific gravity between 5 and 6. Prof. Hay gives the 
specific gravity of our 6-lb. specimen at 5.17. 

Before cutting, the latter of the specimens ezamiQed by us 
weighed 211 pounds. It was approximately globular, with 
a broad shallow depression that encircled it about half way. 
Its exterior is oxidized as by long exposure, some of the miner- 
al grains having been profoundly afiected by the penetration 
of iron oxide. Indeed the roand or amygdaloid^ masses of 
olivine ( ?) are changed eo as to appear like some other mineral. 
In some cases this change has followed along a thin film, or 
between two oater planes of contiguous masses, coloring the 
included portion jet black and leaving the rest of the glassyt 
yellowish to white, brittle olivine (?) almost unafiected. After 
the mass was cut these two contrasted conditions of tfae olivine 
were so conspicuous that they were first taken for separate 
minerals. The external groove above mentioned coincides, 
superficially, with an area where metallic iron is absent. Other 
shallow depressions on the surface are due to the absence of 
iron. An irregular roughly triangular area is seen on the ac~ 
companying plate* projecting from the outer margin toward 
the centre, in which no metallic iron is visible. The mass was 
first cut twice through, giving a slab about an inch thick, and 
two plano-convex lenses. The smaller of the lenses was 
also cut into smaller samples, weighing from half a ponnd 
to two pounds each. The larger lens still weighs about 125 
pounds. A photograph of the cut surface of the inch slab, re- 
produced in the accompanying plate, shows the manner of 

'The epecimens, with their respective weights, bo far as known by as 
are as follows : Owned by George F. Kunz, fonr, weighing 466, 345, . 
and 40 pounda; owned by N. H. Winchell, two, weighing 211 and 
poundB ; owned by F. H. Snow, one, weiehing 54 pounda ; owned by I 
W. Grsgin, one, weighing 125 pounds. The whereabouts of that weigt 
itig four pounds is not known, nor are the weights even of the r 
maining eix specimenB. 

*The plate will accompany the second part of this paper. 



Digitized byGOC^Ie 



Meteoritet. — Winchell-Dodge. 311 

distribntioD of the metallic iron with respect to the other mia- 
eiaJs, and its comparative amount. 

Metallic iron comprises somewhat Icbb than one-half of the 
entire earface, as cut, and it serves as a matrix in which are 
emhraced amygdaloidal or roundish masses from the size of a 
pea to that of a musket-hall, and larger, of the hlack and yel- 
lowish minerals which comprise nearly the whole of the rest 
of the mass. The iron frame-work of the whole mass is not 
regularly cellular, but with many partings and tortuous shapes 
it fits closely about the coDcavitiee in which the minerals lie 
aod gives firmness and shape to the whole. 

The two most conspicuous minerals, or the two contrasted 
conditions of the same mineral, are readily distinguished at a 
glance, particularly on the fresh interior. When they are asso- 
ciated in a fragment from the rusted exterior they approach 
each other in general aspect, both being rusty brown. One ia 
opaque black, with a shining, anthracitic lustre, and a brittle, 
angular non-laminate fracture. This lies near the iron more 
frequently than the other, and is most abundant about the 
edge of the slab, and in those areas where no metallic iron ex- 
ists. 

The other evident mineral, may be only the unoxidized and 
unstained condition of the foregoing. It has alightryellowish 
color, or beeswax appearance. When broken it appears glassy 
and when crushed its powder is nearly white. It shows hut 
rarely any cleavage direction but fractures irregularly and eas- 
ily and even crumbles under pressure as if coarsely granular. 
Its hardness is about 6^, which is also that of the foregoing. 

There is, moreover, much more sparse, another mineral. This 
is light brassy in color, and its hardness is not more than 4. 
It is also attractable by a magnet when powdered, and on be- 
ing crushed its powder is black, or nearly black. Lining the 
cavities within the iron, and enclosing the other minerals, 
particularly when they consist of the brassy or the opaque- 
black mineral above is another black mineral. This gives the 
concavities within the iron matrix a botryoidal and specular 
reflection. Its hardness is about 3 or SJ, mashing down under 
a steel poiat somewhat like graphite, but it la, in fine powder 
lifted by the magnet. When unbroken and fresh it presents a 
silvery metaUic lustre. 

Some chemical examination has been made, but the final 
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result of the analyses will be given in the next paper. In hy- 
drochloric acid fragments of the dark mineral first -mentioned 
afford gelatinous silica, and an odor of sulphur, the latter 
doubtless from some particles adherent from the other minerals. 
Chromium also is preaent, and a large amount of magnesia. 
The mineral approaches olivine or bronzite, and appears to he 
only a ferruginated condition of the glassy-yellow mineral. 

In thin section the yellowish mineral is transparent. It pre- 
sents the roughened surface seen on thin sections of olivine, 
but it has not its brilliant polarization, in the latter respect 
resembling bronzite. It is intersected irregularly by fissures 
in which is gathered a ferruginous product of decomposition 
(Hmonite), and which increase to so great an extent that in 
some places, the section is nearly opaque, showing a gradation 
from the black-opaque mineral mentioned to this yellowish 
glassy one, and indicating their original identity. 

Besides the^e transparent polarizing minerals there may be 
seen two that are always and entirely opaque. One is black 
as above, and may be the one that contains the chromium al- 
ready detected, but the other is brassy. The former may be 
chromite or daubreelite and the latter troilito. 
rXo be coDtlnaed.J 



REVIEW OF RECENT GEOLOGICAL LITERATURE. 

RtpoH of the School of Mineg of Colorado, 8vo pp. 264. We have re- 
ceived from Prof. Artkus Lakes, state geologist of Colorado and one 
of the editors of the Auerican Geolouibt, a, copy of his annual report 
for 1880 containing a narrative of the exploration oE the coal deposits of 
that state during the preceding year. It opens with a chapter on the 
natural history of coal in which the author points out that though the 
coal supply of Colorado is not of Carboniferous but of Cretaceous age 
and consequently much younger than that of the eastern states, yet it is 
ol good quality. This is not, heBays.generaUy believed. "We have an- 
thracite aa good as that of Pennsylvania, bituminous coals in beds of 
great thlckneHS comparing favorably with that of the east and of such 
remarkable purity that it will yield coke as good as that of the fat 
famed Connellsville Held," "If the western states had been discover- 
ed first and had become as thickly populated as the eastern States now 
are, it is a question whether Colorado, Wyoming and adjacent territor- 
ies would not have been considered the great coal-area of the U. S." 

On the resourcesof the far West he says: "At least 20,000 sq. miles 
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of Color&do ue underlaid with coal. Texas has 30,000 aq. miles, Da^ 
kota 100,000 aq. mites. New Mexico has at least 600,000 acres of coal, 
ran^ng from anthracite to lignite, Wfomiog 20,000 sq. miles, Montana 
20,000 sq. miles." 

Judging from the analyses, many of which are given in the volume, 
most of these coals are of good quality, standing low in moisture and in 
sulphur and not excessively high in ash. Doubtless only the best 
seams and the best parts of thetn will at present pay for working. 
Frof. Lalni points out that the anthracite though of good quality is 
not known to be sufficient in quantity to make it a factor of impor- 
tance in the resources of the State. 

The volume is well illustrated with Gfteen outline views which aid 
largely in enabling the reader to follow and understand the nature 
of the country and its geology. 

The Eiioluliono/Climale. By Jambs Geikie, LL.D., F.R.S. pp. 22; 
with maps. (Reprinted from the Scottish Geographical Magazine for 
Feb. ISOO.) This paper will be of much interest and value to students 
of palfcontology and of structural and gl&cial geology. It is accom- 
panied by two plates, the first of which shows four small sketch-maps 
illustrating the geographical evolution of continental areas, and the 
second is a geological map of the world hy J. G. Bartholomew. 

The early origin and permanence of the continental plateaus and 
oceanic basins is maintained, as taught by Dana ; but during Archiean, 
FalKozoic and MesoKoic time the present extensive land areas were 
probably represented hy islands, between which shallow expanses of 
sea permitted marine currents to carry warmth from the tropics to the 
circum polar regions. These conditions produced very remarkable uni- 
fdrmity of climate, and consequent close relationship of the fauna and 
flora, over the whole globe. In the Cainozoic era the extent of the 
land increased, causing the sea to retreat from hitherto submerged 
parts of the continental plateaus ; and the land-growth was attended 
by a gradual lowering of tlie temperature of northern and temperate 
latitudes and the differentiation of climate into zones. 

We now come to the principal purpose oE this paper, which is a de- 
fense of Dr. Croti's theory of the cauaea of the ice-age. Professor 
Geikie believes, with Wallace, that estensive ice-sheets, like those of 
the Quaternary glacial period, could not be formed in earlier eras be- 
cause the influence of recurring epochs of maximum eccentricity of the 
earth's orbit was then mainly counteracted by the geographical con' 
ditions, with a possible exception in the Permian period. His adher' 
ence to this astronomic theory seems not to have taken account of 
recent investigations by geologists in this country, who are led to 
measurements of postglacial time, from the recession of the falls of 
Niagara and Saint Anthony, and from the rate of wave-erosion on lake 
Michigan and the resulting formation of deposits of beach sand and 
dimes, which ahow that the departure of the ice-sheet of the last 
glacial epoch in the northern United States was only some 7,000 to 
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10,000 jeara Ago. The Ice age here appesrg to have been enbsequent 
to the last period o£ eccentricity, and waa probably due to great eleva- 
tion of the area glaciated, giving it a cold climate ; bnt this might be 
most efficient for the accnmulation of ice-sheets, in accordance with 
Dr. Croll'a argument, when winter of onr northern hemisphere was in 
aphelion, which coincided with the date thus indicated for the latest 
glociation of this continent. On the other hand, the return of warmth 
and departure of the ice were coincident with subsidence of the glacia- 
ted portions of the earth's crust, which indeed appears to iAre been 
due to the weight of the ice and to have become in tnm the principal 
influence leading to amelioration of climate and the final glacial melt- 
ing- 

Xammilian Remaitu from tht Sotitkem Statu; by Prop. Jobxpr 
LsiDY. With the exception of a short article by Edward Fotta on 
fresh-water sponges, volume ii of The Transactions of the Wagner Free 
Institute of Science (Phila.) is compoeed excl naively of six interesting 
papers on fossil vertebrates from Florida, Loniiiana and ebewhere as 
follows : 

1. Notice of tome human bonet. 

2. Ducription of mammaliait remaint frona Rock-Creviee in Florida. 
These fossils are from Ocala, and consist of species of the horse, llama, 
tiger, and elepliant. The most interesting is the sabre-toothed tiger, 
which, according to Dr. Leidy, differs materially from JfachatVodtu 
ntogieta and he proposes the name M.floridawi*. 

3. Daeriptitm of Vertebrate Semaintfrotn Peace creek. The animals 
recognized by Br. Leidy are Tapirue americanui (molars), f^uwt 
(molars, incisors}, Hippatherium about the siie of H. in^mtttum, Biion 
americanu* (molar, phalanx}, Cervui virginianum (antlers, bone, teeth), 
Ekphas eolumbiF&l. (teeth). "Perhaps the most interesting of these 
fossils are a number of dermal plates of Glyptodonte." Bomeofthe 
plates belong to CfUamyiiotherium humboldtU Lund, others to Sopto- 
phorut etiphractiu Lund, MegaloTiyx jeffertoni (1st- phalanx), JTanotiu 
anliqvat (ribs), six verlebrie and teeth of an undetermined cetacean, 
fragments of Emyt euglypha and Trionyx, some remains of a huge tor- 
toise and a distinct specimen named Tettudo enuiiicuEata, teeth, plates 
and mandible of Alligator mieiittippieniii and some remains of fishes. 

4. Notice of lome Mammalian remain* from the Petite Ante tail mine La. 
describing Mattodon ainerieanui, £guua major and Mylodon. 

5. On Platygoniu, an extinct genus allied to the peceariet. 

6. Nature of Organic Specie*, in which Dr. Leidy gives a short stndy 
in the evolution of forms by a treatment of the extinct and living forms 
of Fulgur, showing the fossU F. contrariut continuing to the present in 
the living form F. pervertut. These articles are well and carefully 
illustrated by ten good plates. 

Eighth Annual Report of U.S. Oeologieal Survey. 1081 pages in two 
parts. Part i contains, besides the nsnal administrative reports, 
financial condition, etc., the following papers : The Quaternary His- 
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tory of Mono vallej', Col., by I. C. Rusbbll; The Geology of the 
LftsBen Peak District, by J. S. Dillbk ; The Foaeil Bntterfliee of Floris- 
BUit by S. H. BcDDDiB. Part u contains an exhaustive monograph 
of 167 pages on The Trenton Limestone as a Bonrce of Petrolenm and 
Natural Gas by EnwARD Orton ;aa important addition to palieobotany. 
The Geographical Distribution of Fossil Plants (300 pages) by Lestbb 
F. Ward; A Summary of the Geology of the Quicksilver Deposits of 
the Pacific slope, by GborobF. BBCKKR.and The Geology of the Island 
of Mt. Desert, Me., by N. S. Shalbr. 

The Potomac or Younger Ueeotoie Flora, by W. M. Fontainb. Mon- 
ograph No. zv, U. 8. Geological Survey. Part i, text 337 pp. Part ii, 
180 pi. The greater number of species described in this mom^raph 
are new and important. Of tbe cryptogams there are three new gen- 
era and 137 new species. Of tbe phanerogams two new genera tad 17 
new species, of gymnosperme seven genera and 89 species of conifers. 
Among tlie angioeperms 19 new genera and 72 new species. 



CORRESPONDENCE 

Trr Gbnub TEiixBBLLinf IN Ahbricak Trrtiabibs. — While looking 
over some material in the collection of the United States National 
Museum from the Eocene formation of Texas,' several beaatiful and 
well preserved costs of a small Terebellum were observed. This tbe 
writer believes to be tbe Srst time tbe genus has been noted in theTertiary 
iormationof this country. The species mentioned under tiiis genus by 
Tnomey and Holmes from the Pliocene of South Carolina* belong 
properly to TurrileUa as the term is ordinarily used. The Texas forms 
are somewhat elongate, and, whenstudied more carefully, will perhaps 
be found to belong to the section, Terebelloptii, Leymerie. 

V. S. Geological Survey, April S, 1890. Gilbbst D. Harris. 

Thr Ambbican Neocomiak aud yhb Grti^sa Pitchxri — "Aprelim- 
inary annotated check list of the Cretaceous invertebrate fossils of 
Teias," by Robert T. Hill, Geolopcal survey o( Texas, Bulletin No. 
4, Austin, 18S0, is too important a paper not to point out a few incor- 
rect statements, which, very likely, have escaped professor Hill's at- 
tention in the haste of preparation, such a work being always attended 
by great difficulties as to exact references and the right of priority. 

We read at p. vii: "It is now known that the series of rocks which 
a few years ago were considered as tbe whole Cretaceous group of the 
United States, eaet of tbe Roirky mountains, on tbe section published 

'Station No. 2056, Eocene, Mt. Enterprise, in the southeastern part 
of Bush county , Texas, L. C. Johnson, U. S. Geol. Sur., Collection. 

^TeTeheilum ttriabum T. & H., T. exaltalum Con,, T. etiwaneniii T. & 
H., T. burdenii T. & H. "Fossils of South Carolina, Pliocene and 
Post-Pliocene," Tuomey and Holmes, 1855-SD, p. 120-122, pi. 26, figs. 
7-11. 
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by Heek and Hayden, rests in Texaa unconformably apoB tmother 
great series (The first ssnonncement of this series was published by 

me in the American Journal ot Science, Jan. 1S67, p. 75.) of rocks of even 
greater thickness, to which I have giTSn, out of deference to the town 
of Comanche where I first studied them, the name of the Comanche 
series ; hence, we now have in the United States two great series, the 
Lower or Comanche and the Upper or Meek and Hajden series." ' 

From this statement, it seems that professor Hill ia the discoverer of 
the Lower Cretaceous series, east of the Rocky mountains ; and that 
t>efore his announcement of 1887, the whole Cretaceous system of the 
United States was limited to what he calls "Meek and Uayden series" 
I am sorry to say, that the whole statement is against plain factA and 
numerous publications on the Lower Cretaceous or Neocomian of the 
United States, east of the Roi;ky mountains. 

■ In order to attribute to professor Hill his justly due share in the 
work, it is necessary to recall that in 18.53-54-55 and 58, the Lower 
seriea of the Cretaceous system or Kcocomian was diBcoyered and de- 
scribed with plates of fossils for the northern area of Texas and the In- 
dian Territory at Comet creek, fort Washita and near Preston. In 
1853 I saw at Comet creek ati affluent of the False Washita river, the 
Caprolina bed, as the basal strata of theNeocomiitn or Lower Cretaceous, 
and above it a whitish, chalky limestone containing an immense quan. 
tity of Grijphica pitcheri, having the closest analogy with the Gryphxa 
coutoni of the Neocomian of Neucbatel (Switzerland). Besides I have 
referred and described beds of the Lower Cretaceous in Texas, near 
Preston and Elm fork an affluent of the Trinity river. ' 

Asfar back as 1H66, the whole "Cretaceous group" of the United 
States east of the Rocky mountains was well known with its three di- 
visions corresponding to and representative of the Lower Creta- 
ceous or Neocomian, the Middle Cretaceous or Green Sand and Alarly 
chalk, and the Upper Cretaceous or true white chalk of Europe, In 
1861 and 1863, I completed the series of the Cretaceous system in the 
United States, first by correcting the extraordinary, confused "Section 
of the Cretaceous strata in Texas, "by Dr.B.F, Shumard, the State Geo- 
logist of Texas, and second by referring the Dakota group or "Lcnuer 
Cretaceous" of Meek and Hayden to the Upper Cretaceous or true 
Chalk of Europe. 

'No series of beds was ever named for persons, except the isolated 

Sropoeition of Alcide d'Orbigny to call the strata containing the third 
luna of Barrande, "Murchisonian ;" a name which was not adopted, 
even by Murchison. As to "Comanche series" to designate in Texas 
the Neocomian, if absolutely neceaeary — which is far from proved — it 
may be used as a synonym, "but only as such; for professor Hill hasol- 
ready used the name "Comanche division" for a part of that series, 
which he calls now "Fredericksburg division" ; and he has used the 
name "Tex as series" forhis two divisionsofthe Comanche and Washita; 
duplicating his own nomenclature not only for the Lower Cretaceoas, 
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ProlesBorHill has done agood work in givUiK more details of the Creta- 
ceonastrataofTexaij and in referring each eubdivieiOD to its proper posi- 
tion in the aeries. But the claseificntinn given by me between 1858-63, 
reported upon by de Verneuil before the French National Academj of 
Science and accepted by all the leaders of geologjca) classification, was 
not changed by professor Hill, who has only developed the aub-divis- 
ions ; a work much wanted and which ia very creditable to bis skill and 
ability as a practical strati graph i at. 

Inhia "Check List," professor Hill continues to place his "Trinity 
divison" in the Lower Cretaceoua or "Comanche aeries", and he still 
regards the fauna of the Trinity diviaion aa brackish lAmer. Geol., vol, 
V. No. 1, p. 02, January 1890,) inatead of referring it to the Jnrasaic sys- 
tem and the fauna to a marine one. Both views arc unacceptable for 
they are against fact; the fauna being entirely marine and being com- 
posed of Upper Jtuaasic forms, without a single characteristic Creta- 
ceous animal in it. 

At p. 4 profeaaor Hill confounds the young specimen of Oryphxatu- 
enmcarii wilh the Oryphxapiteheri, Baying: "The aame variety was 
beautifully figured in Marcon l,aa var tneumearii." I thought that 
the "endlees confusion" was at an end ; but it seems not. I have never 
figured a Qryphasa pUckeri as var. tncnmearii; the fig. 2, plate IV of my 
"Geolt^y of North America," referred to by professor Hill is a young 
individual, splendidly preserved of the Orypk!v<i dilatata var, tftcumcarii 
of the Pyramid Mount section, Tucumcari area, taken hy me in litu in 
the bed d which is full of Gryphiea tucumcani. At p. S, professor Hill 
saya: "OrypAffaptfcAeri var. tticumiTurti, Marcou 1. See remarks on 
O. forniculata, White." There is nothing atG./'^irninuIataaboutany of 
my Pyramid Mount fossils, and I have never published a (?rypfta;o under 
thenameof O.pi'tcftenvar. (ucumca ri'i'Marcou; itiscertainlya mistake. 

The "preliminary check list" of professor Hill is agreat improvement 
on the singularly incorrect lists pnblished by B. F. Shumard, W. M. 
Gabb, F. B. Meek and Br. C. A. White, and will he of great use to all 
])ractical geologists in their future investigutiona of the American 
Cretaceoua aystem. 

As he aays in his "Bibliography" p. 65, referencea to publications of 
first mention in the Texas region of fossil species are not complete as 
modern bibliograpliic standards require; and it is certain that profeaaor 
Hill's list may be extended eaaily and with great advantage as regards 
the discoveries of fossil species and their true stratigraphic meaning, 
more especially for the publications issued between 1853 and 1863, hnt 
he reserves it as an addition to future editions. 

*e ifarch, 1S90, Cambridge, Mat*. Jvlbs Marcou. 



RECENT PUBLICATIONS. 



1. Stale and Government ReporU, 

Forty-first annual report of the trustees of the state museum of 

natural history, for 1S87, Albany, 8vo, 397 pp. 8 plates of fenestellidie. 
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Forty-second annual report of the truateea of the state moaenm of 
natural history for 1688, Albany, pp. 496, Svo. 

(1) The Archeology of the Potomac tide water region. O. T. Mason. 

(2) The paleolithic period in the district of Columbia, from the pro- 
ceedinfTS of the U. 8. Nat. Mus. vol, xii, pp 367-376. 

Preliminary report on the collection of mnltuaca and brachiopoda ob- 
tained in 1887-88 [U. S. Fish CommiBSiun). W. M. Dall, from the Proc. 
U. S. Nat. MuB., vol. xii, pp. 219-362, plates v-siv. 

The collection of 'building and ornamental stones in the U. '&. Nat. 
MuB. ; a band-book and catalogue. Geo. P. Merrill, Smithsonian report, 
1886-86. Part Ii, pp. 277-648, pis. i-ix. 

Fossil wood and lignite of the Potomac formation, F. H. Enowlton, 
Bui. No. 50, U. 8. Geol. Survey, 1889. 

2. Proeeedingt of Sci entific Socifliei. 

Obeervationa on the Eocene Tertiary and its Cretaceous aseociatee in 
the state of Marvland. P. R.Uhler. Trans. Maryland Acad. Sciences, 
in 1888 and 1889.' 

The pre-Cambrian rocks of the Black Hills, G. B. Van Rise. Bui. 
Geol. Soc. of America. Vol. i, pp. 203-244, 1890. 

Proceed. Iowa Acad. Sciences, for 1S87, 1888 and 1889, containe : The 
terracesof the Missouri (abstract), J. E. Todd i The origin of the extra- 
morainic till (abetract), J. E. Todd; Directive coloration in animals 
(abstract) J. E. Todd ; On a new fossil Limnieid from the Post-Pliocene 
of California (abstract ; printed in full in the Akbricah Gioloqist, vol. 
1, Mar., 1888), R. Ellsworth Call ; Some additional ebeervations on the 
loess in and abont Muswtine, (abstract), F. M. Witter; The Geology 
of Crowley's ridge. Ark. (abetract), R. E. Call ; The lineage of lake 
Agassis (abstract), J. E. Todd ; On the folding of the Carboniferous 
strata in Bouthweatern Iowa (abstract), J. E. Todd; The crystalline 
rocks of Missouri (abstract) Erasmus Haworth; On the Geology 
ofeastera Arkansas (abstract), R, Ellsworth Call; Notes on a fossil 
wood from the Keokuk limestone (abstract), C. H. Gordon; On the 
Keokuk beds and their contained fosBlIs, (abstract), C. U. Gordon; 
Observations on the Keokuk species of Agaracocrinus (abstract), C.H. 
Gordon. 



PERSONAL AND SCIENTIFIC NEWS. 

Coal in the south op England. For many jears the opin- 
ion has been held by some of the leading geologists of England 

that coa! exists beloiv the niesozuio rocks that cover the sur- 
face of the southwest counties. Several attempts have been 
made at different times to reach this supposed store of fuel 
but without success, though every boring confirmed the belief 
that the Carboniferous rocks underlie that part of the island. 
On February 17th a communication of the discovery of coal 
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was made to Sir Edward Watkin and if the hopes of the drill- 
ers are confirmed and maintaiaed an important epoch in the 
history of coal mining in England will be marked. Itis stated 
that coal has been found at the depth of 1180 feet under con- 
ditions that favor the belief that it will pay for working. 
Writing on the topic professor Boyd Dawkina who has always 
advocated the exploration says : "The Coal Measures with 
good blazing coal nave been struck at a depth well within the 
practicable miniug limit and the question is definitelv settled 
which has vexed geologists for the last thirty years. Further 
exploration however, now under consideration, will be neces- 
sary before the thickness of the coal and the number of seams 
can be ascertained." 

Whatever the commercial result may be, this discovery is a 
gratifying instance of correct reasoning from geological data. 
The contention has been that the paleozoic rocks, which in 
the west carry the coal beds and which show an anticlinal 
structure running east and west pass under the London and 
Paris basin and reappear in the Belgian coal-fields near LiAge. 
Consequently it was inferred that they could be found in the 
intervening area at no excessive depth. Several borings have 
shown the truth of this argument, but though paleozoic rocks 
were found no coal-bed has been struck until this late success- 
ful attempt. Should the find prove economically valuable it 
will be a singular instance of the return of an industry to its 
former situation, as in the days of charcoalfurnaces much 
iron was smelted in Sussex and other southern counties. It 
is said that the railings round the dome of St. Paul's cathedral 
were cast there. With the introduction of coal and coke, 
however, the manufacture migrated to the north. 

The Genhkal Coumittee constitued to make arrangements 
for the session of the International Congress of Geologists at 
Philadelphia, in 1891, held its third meeting in the National 
Museum at Washington, on April 18, 1890. There were present 
chairman Newberry, secretary H. S, Williams, and Cope, Dut- 
ton, Frazer, Gilbert, Hague, Hall, Ijesley, Marsh, Powell, Stev- 
enson Walcott and A. Winchell. The committee adopted res- 
olutions to the following effect : 

1. That the local committee piBviously appointed for Phila- 
delphia be discharged. Moved by Prof. Lesley, 

2. That it is the sense of the General Committee that no 
postponement of the session is desirable; but that it should 
be held, as appointed in 1891. 

3. That it is the sense of this committee that the session 
should be held in Washington instead of Philadelphia. 

4. That the secretary be instructed to transmit this action to 
the Bureau in London, 

The determinations of the General Committee were based on 
the obvious imposaihility of insuring desirable success under 
the arrangements existing for holding the session in Philadcl- 
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pbia. An effort was made to provide for appending the "ayes" 
and "nays" on the question of recommending removal, but 
this failed. Such information, nevertheless, would certainly 
have been useful to the Bureau ae showing the weight of senti- 
ment in favor of removal, and showing also that Dr. Frazet 
who had been so largely instrumental in pressing the invita- 
tion from Philadelphia did not entertain tne conviction that a 
change of location was necessary. 

Finally, the chairman was instructed to inform provost 
Pepper of the University of Pennsylvania, of the action of the 
committee and explain in language courteous and conciltatory 
as possible, the fact that the change of location had been 
recommended, simply because the committee had been con- 
vinced that it is now impracticable to insure success in a ses- 
sion held in Philadelphia. 

The hope, nevertheless, is privately expressed that, with 
more time for reflection and inquiry, it may yet appear possible 
to meet in Philadelphia in 1891 and accompusb a success 
creditable to American geology. 

The election of Pkof. F. H. Snow to the chancellobship 
of the Kansas State University (Lawrence) has rendered it 
desirable that some one shall aid him in the work of the 
department of geology and natural history ; and the regents 
recently elected Prof. S. W. Williston, of Yale, associate pro- 
fessor of geology and palseontology. Prof. Williston, who is 
a graduate of Kansas Agricultural College, has more recently 
been assistant to Prof. 0. C. Marsh, 

The Scientific Publishing Company, New York, announce 
the publication of "Gems and precious stones of North Amer- 
ica,' by George F. Kunz. The professional standing of the 
author will serve as a guarantee for the excellence of the work. 
The volume is to be handsomely illustrated by colored plates 
by Prang & Co., Boston. Roy. octavo. Price $10.00. 

The summer school of Geology of Harvard University will 
carry on an advanced course in geological field-work in east- 
ern New York and southern New England, under the direc- 
tion of Profs. Shaler and Davis, assisted by Prof H. S. Wil- 
liams, Dr. J. E. Wolff and Dr. W. B. Clark. 

Students op paleontology will rear with much regret 
of the recent death of Prof von Quenstedt, of Tubingen. He 
was a leader among German palieontologists, and did much 
important work in mineralogy also. He had an especially 
profound knowledge of the Lias of Wiirtenberg and its fossils. 
His work on "Der Jura" is well known, and so recently as 
1885 a new edition, greatly modified, of his "Handbuch der 
Petrefactenkunde" was issued. Dr. von Quenstedt died at an 
advanced age on December 21 at, 1889. 

Dr. Kiohard Owen, well known to geologists for his 
"Reconnoissance of the state of Indiana," and other contribu- 
tions, died recently at New Harmony, Ind. In a future num- 
ber of the Geologist there will be a sketch of bis life and 
scientific work. 
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A QEOLOOICAL SURVEY OP THE CONCHO COUNTRY, 

STATE OF TEXAS. 

By PnaFSSBOB W. F. CtmHiNB and Sb. Otto Lbbch. 

The country takes its name from the rivers traversing it. 
About twenty years ago it was the hunting ground of the Le- 
pan Indians, Kickapoos, Comanches and Kiowas. In 1868 
the U. S. Government erected a post on the banks of the North 
Concho river which became the nucleus of the settlement and 
the prosperity of this country. It soon became noted to the 
stockmen for its many varieties of nutritious grasses and its 
abundance of water. Settlement advanced bo rapidly that on 
the 13th of March, 1874, anew county was organized contain- 
ing 13,000 square miles, which was called Tom Green, in honor 
of the famous general of the confederacy, a son and citizen of 
the State of Texas. This county was situated west of the 100 
meridian, between 31st and 32nd parallels of north latitude* 
east of the Pecos and south of the Colorado rivers. Recent 
Legislatures have divided this vast area into six new counties- 
The eastern half of old Tom Green county, embracing the 
new counties of Anon, Coke and Tom Green, is now generally 
known as "The Concho Country," and is the subject of the 
following report. In less than twenty years this country has 
passed through the different stages of human civilization ; the 
stockman has succeeded the hunter, and the farmer is succeed- 
ing the stockman. 
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San Angelo, the county seat of Tom Green county, has been 
built at the confluence of the Concho rivera, and contains at 
the present about 4,000 inhabitants. Its site has been very 
happily chosen. It lies in the beautiful and fertile valley of 
the Main Concho river, which at this place is not less than 
thirty miles in width. Blue ridges of Cretaceous hills bound 
the valley on the north and south, and the waters of the Main 
Concho river traverse it. This is the only town of any consid- 
erable size west of Ft. Worth and Dallas, and of great com- 
mercial importance for western Texas. It is the largest ship- 
ping point in the state for stock. A prominent wool market 
and its trade extends over hundreds of miles north, south, 
west, and east. It has very handsome public buildings, large 
commercial stores, banks, waterworks, ice factories, good week- 
ly papers, and is connected bythe G. C. & S. Fe R'y with the 
east. 

Srainafe and Topoffraphy. 

The North Concho river traverses the country diagonally 
from northwest to southeast. The Main Concho river from 
west to east, Spring creek and Dove creek from southwest to 
northeast, and the South Concho river from south to north. 
The Colorado river having a southeasterly course, drains, with 
its tributaries, the north-eastern portion of this country. The 
above mentioned rivers and creeks have an abundance of run- 
ning water during the entire year, and many of their tributa- 
ries not here mentioned are perennial streams. The rivers and 
creeks have their sources on the Staked plains and flow with 
an average fall of ten feet per mile. 



Considering this, a glance at the accompanying map will 
show that the country is well drained. The topography of the 
section is easily understood, if considered in connection with 
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its geological features. It constitutes a part of the Cretacic 
depoBits known as the Gulf seriea. These deposits have been 
laid down by the Cretacic sea till a gradual elevation of the 
strata took place and the retreating waters left the former bot- 
tom of the ocean a part of the continent, a vast undulating plain. 
Concluding from the fact that these deposits are only covered 
by alluvium, no new subsidence has taken place in this coun- 
try, but the waters retreating have commenced to cut their 
channels and have bo well succeeded that they have cut through 
the whole Cretacic seriea, and in their lower courses into the 
underlying Permian formation. The valleys are narrow at 
the beginning, gradually widening and deci^ening till at their 
confluence, they form a valley not less than 30 miles in width. 
Plateaus, remnants of the former plain with gentle declivi- 
ties, changing frequently to abrupt escarpments of picturesque 
appearance, lie between rivers and creeks. 

The geology of this country is the more interesting as three 
grand periods of our world's history are represented in the cir- 
cumference of a few miles. The Permian formation, the tran- 
sition period between the old and new forms of life, undi^rlies 
the Cretacic, the last of Mesozoic time, which represents in its 
wide plains the accumulations of the Cretacic ocean. In these, 
diluvial floods have left their traces ; deep and wide valleys, 
narrow cafions, steep embankments, hills, ridges and huge de- 
posits of conglomerate speaking of the dawn of a recent period, 
and marking the prominent features of thepresenttoiiography 
of this portion of Texas. Quiet waters succeeded, left in bas- 
ins and hollows by the retreating diluvial floods. The valleys 
hadthena swampy appearance, covered with small lakes and 
lagoons in which modern life commenced to flourish, and 
through which the rivers wind their way, grinding the rocky 
material and transporting and depositing the fine sediment 
which at the present marks their courses, and is recognized by 
the geologist as loess deposits. It was left to alluvial times to 
drain gradually these many swamps and lakes, to form the va- 
riety of soils, to cover valley and plain with a dense turf of 
nutritious grasses, and people them with buflTalo, antelo]>e and 
Indians. Modern times have commenced to work out anoth- 
er change, the white man has replaced the Indian, cattle the 
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buffalo and antelope ; and the cultivation of the soil, roads 
and railroads and works of irrigation are changing daily its 
surface features. 

BAuant QAolory. 

Alluvium. — The river bottoms or valley lands, formed in re- 
cent periods through rains and wind, frost and sunshine, with 
the powerful aid of carbonic acid contained in the atmosphere, 
are derived from the underlying Cretacic and Permian strata. 
These are in thickness from 20 to 30 feet, in some places inter- 
stratified with loose gravelly deposits. The uplands are cover- 
ed with alluvial soils generally from two to five feet thick. 

Drift. — Beds of hard limestone conglomerate situated along 
the rivers and creeks are often 60 to 60 feet thick. They are 
purely local, as is evinced by the large size of the boulders, 
and from the fact that they are of limestone from the sur- 
rounding strata. Frequently the boulders are but little water- 
worn, evidently having been roiled but a short distance. We 
have been unable to determine with certainty the age of these 
deposits, as no fossils have been found in situ. Yet it is most 
probable that an inland sea covered the Staked Plains, till in 
diluvial times an elevation of the western side of the conti- 
nent took place, and the waters of this vast sea commenced 
flowing toward the gulf, leaving the valleys and these beds a? 
evidence of their action. 

Lacustrine Deposits. — Succeeding the drift epoch are depos- 
its of an ash-gray or brownish color containing sand and clay, 
and generally spotted with small white calcareous concretions. 
They have been deposited by quiet waters in baeins forming 
lakes and lagoons- They are sometimes found 30 feet thick, 
generally overlying or leaning on the drift. No fossils have as 
yet been found in the loess of this country. The deposits of 
this material have been made in basins of comparatively small 
size along the river channels, their size depending on the gen- 
eral width of the valley. The rivers in cutting their way 
through them have left these deposits exposed in steep bluffs 
and embankments. The composition is a calcareous sandy 
loam of a light yellowish brown color, very porous, with a 
number of calcareous incrustations. The material is unstrat- 
ified. 

The Cretacic — Preceding the drift, covers the larger part of 
the Concho country. It rests unconforniably on the Permian, 
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and dips from northwest to southeast about 30 feet to the mile. 
It is easily recognized even from a distance, standing out in con- 
ical hills nith ilat tops and gently rounded ridges, sometimes 
with bold escarpments of an amphitheatre-like appearance. The 
surface of the wider plateaus lying between rivers and creeks, 
falls slightly toward the southeast, following the general dip 
of these strata. Their borders are broken by ravines, leaving 
the above mentioned hills and ridges. Frequent and contin- 
ued washings have covered the bases of the hills with detritus, 
making gentle declivities, covered with a spare vegetation of 
grasses and mesquite brush. Along the hillside the deposits 
are well exposed, facilitating the study of their dip, strike and 
composition. They vary from a few inches to many feet in 
thickness, with slight changes in the same horizon. The Cre- 
tacic has been conformably deposited in this country, but the 
different changes of level of this group are well deiined by dif- 
ference of composition, density and color. The cleavage of the 
rocks is horizontal, along the strata, but frequently the rocks 
appear vertically cracked, the cause of which is pressure of 
over-lying rocks, moisture and frost. The material of this 
Cretacic group changes from hard blue limestone often semi- . 
crystalline, passing through different stages of densityand col- 
or, to pure, white, soft stone; sometimes it is argillaceous, 
sometimes arenaceous, changing in color from a yellowish 
brown to a dirty brown or red. A peculiar brecciated lime- 
stone we have found interstratifying these layers near the top 
of this group. It is composed of hard limestone pebbles of a 
blue-grayish color, embedded in a calcareous brown yellowish 
matrix, which when exposed is easily washed out, leaving the 
limestone pebbles in their former condition. These exposed 
strataare then called by the people "honeycomb rock" from their 
peculiar appearance. Overlying this rock is a dense yellowish 
colored limestone, indicating the change from a shallow beach 
to the deep sea. According to the sections examined there is 
sand or loose sandstone at the foot of this Cretacic group 
which is HO generally found in other countries constituting the 
lowest member of this period. No violent action has disturb- 
ed the almost horizontally deposited Cretacic strata in this 
country, but a gradual rise, the lifting force working vertically 
to the dip, has placed the deposits beyond reach of the waves 
and has sent the water to the gulf. The thickness ofthe whole 
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of the Cretftcic group in this country called Comanche series by 
R. T. Hill has been estimated by ue from the different sections 
examined to be 400 feet- 

SECTIONS ON SOUTH CONCHO, 20 MILES SOUTH OF SAM AHOBLO, 



1. Hard buff colored limestone, layers several feet thick 30 ft. 

2. Yellow clay with Exogyra tesana 30 ft. 

3. White sliafy sandalone 40 ft. 

LIST OF FOSSILS. 

1. Gryphxa piteheri. 5. Trigonia texana- 

S. Exogyra Itxana S. Nautiltii. 

3. Ammonite f 7. Nerinea U.cana. 

4. Ilium viacoensii. S, Ostre/i ? 

TAe Permian. — This formation in this country conformably 
overlies the Carbonic, dipping from southeast to northwest, 
about 30 feet to the mile and is overlain unconformably by the 
Cretacic deposits. The chnnge from the Carbonic to the Per- 
mian is gradual. The Carbonic forms of life mingling with 
newer types, gradually disappear more and more, giving 
place to the Hew forms, until' in the upper strata of this epoch 
they appear in such abundance, and leading Carbonic forms 
are so rare, that noted explorers have termed it Triassic. The 
clay beds of the Carbonic formations gradually lose their 
black color and appear now variously colored, deep Venetian 
red, blue and yellow, passing frequently through all the differ- 
ent shades. The limestone interstratifying the different Car- 
bonic deposits has changed and has become an argillaceous 
and arenaceous rock of yellowish brown and red color, fre- 
quently passing into pure sandstone of different colors, white, 
yellow, and sometimes of a deep red. The formation is ex- 
posed above and below the confluence of the Concho rivers, 
and along the Colorado river. Sandstone and limestone de- 
posits of various thicknesses according to sections examined 
from one foot to six feet, are interstratified by clay deposits 
from a few feet to forty or more in thickness. The clay is 
massive or shaly, and the limestone and sandstone are of dif- 
ferent densities, argillaceous and ferruginous. The fossils are 
generally fairly well preserved in an argillaceous limestone of 
(Jrab color, but difficult to obtain on account of the hardness 
of the rocks. Along the Colorado river the gypsum beds ap- 
pear lying conformably upon the older strata of this period, 
forming the highest member of this formation. The Permian 
deposits in this section belong to the southern edge of this for- 
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mation in Texas. Theit thickness has been estimated by us 
from borings and outcrops examined, to be 200 feet. No vol- 
canic action has disturbed the Permian strata in this country. 
Their composition speaks of shallow water beaches and quiet 
muddy seas accompanied by frequent oscillations of the sea 
bottom. We have been able to obtain only marine fossils and 
cannot say therefore with certainty that portions of this coun- 
try had been raised above the waves of the aea in this period. 
The change from the Permian to the Cretacic is abrupt. The 
earlier members of Meso3oic time, the Triassic and Jurussic, 
are missing, and it must be concluded that either those forma- 
tions had never been deposited in this section or that after 
being laid down they were destroyed by subsequent erosion. 
The Cretacic commences with a loose sandstone in the 
lower strata, gradually changing to pure, hard limestone. 



1. Sandstone 4 feet. 

2. Yellow Sandstone, friable 2 " 

3. Sandstone, ubaly 40 " 

4. Red Clay 20 " 

5. ■ Limentone, FoaailiferouH 3 " 

6. Green Clav 8 " 

7. RedClay 6 " 

8. Green Clay 2 " 

9. Limestone 18 in. 

10. Whitish Clay .■ 1 foot. 

11. Limestone. 1 " 

12. Wfiitieh 1 " 

13. Blue Clay 3 feel. 

14. Limestone 8 in. 



1. GoniatiUt baylorttiiia White. 

2. Medlicottia copei White. 

3. Orthocerai nitkemii McCheaney. 

4. ffantilue leimlowi Meek and Worthen. 

5. Euomphalua guhquadraUti Meek and Wortben. 
U. BtUtTophon CTa»»u» Meek and A\'ortlieu. 

7. PUuropkorni 7 

8. Myalina permiana Swallow. 

9. Aiiiextlopceten ? 

10. Prodvctus ? 

11. MurchUonia — ? 

12. FeneiUUn J 

EooDomlo QeoloKy. 

Climate. — Conditions of the air, rainfall, soils and water. 

On account of the high altitude of this country, 2000 feet above 

the level of the sea, the pressure of the air considerably lessens, 
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and in consequence respiration is quickened and evapotation 
increased. As a curativQ agent the air of elevated places has 
been highly recommended in oases of phthisis, malaria, diges- 
tive troubles, etc. 

Movement of the Air. — This is a very important climatic 
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condition. The wind has a cooling effect on the body and 
dry increases the evaporation. Though the average temper 
ture during the month of January (the month of the nort 
wind in Texas) is 40° F., a temperature, which in a quiet at 
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mosphere would be not uncomfortably felt on account of the 
crease of evaporation, and the change of the air enclosing i 
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body, the north winds are severely felt even in this soulht 
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latitude. They are, however, of rare occurrence, makiDg then- 
first appearance iu the latter part of December and disappear- 
ing the first half of April, They last generally from two to 
three days of which the second da_v is most severe. Of course 
it must be understood that this country frequently has winds 
blowing from the north, hut on account of a higher tempera- 
ture in other seasons they are not uncomfortable. The pre- 
vailing winds in this section come from the west and south- 
west, blowing almost throughout the year, refreshing during 
the hottest days of the period. The nights are cool and pleas- 
ant, due to a generally cloudless sky and a rapid radiation of 
heat. Though we have before ue tables kept since 1868 at this 
place, a general idea as to the points of the compass from 
which the winds blow may be well formed from the inserted 
tables covering the years from 1886 to the present. 

Temperature — Is so important that alone it has often been 
made a ground of classification of climate. An equable cli- 
mate is understood to have no excessive diurnal variations 
and from the following tables which show the maximum and 
minimum and average temperature for the last 20 years, the 
climate of this country may well be called equable ; and, as 
in this long term of years, the difference between the hottest 
and coldest month of the year is not excessive, it must also be 
termed limited ; both favorable conditions for the inhabitants. 
The following exhaustive tables will «how this suiBciently. 

Rainfall. — The amount of atmospheric precipitation is one 
of the most important factors in the climate of aeountry, as 
the humidity of the air greatly depends on it. It is hardly neces- 
sary to mention the great importance of a sufficient amount 
of rainfall. It determines, with the soils, the success of agri- 
culture and horticulture, and the wealth of a country. The 
following table, showing the annual and monthly rainfall 
from 1868 to 1889 will therefore find an appropriate place in 
this report. 

The following table shows that though the rainfallis not abun- 
dant it is amply sufficient to mature crops. Even in 1886, the 
year of the drouth, early crops could have been raised. Set- 
tlement, and with it cultivation, will loosen the soil ao that 
the moisture can saturate it and the rain which now falls on 
dried and hardened prairies, and is drained off as fast as it 
falls, will be saved and utilized. Large cultivated tracts of 
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orchard and field will serve as condensator, distributing the 
rainfall, preserving the moisture and causing frequent dews. 
In a country like this, situated in a southern latitude, with a 
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limited amount of rainfall, the farmer can not pay too much 
attention to deep and frequent plowing, to a careful cultivation 
and to setting out of fruit and shade treee. If this is done 
success will meet the effort. A careful cultivation in a loose 
aoil will not only save the rainfall but also will utilize the dew. 
Waier. — The Concho rivers are noted for the purity and fresh- 
ness of their water. Having their source in the Cretacic limestone 
of the Staked Plains, they drain their southeastern portion. 
Subterranean waters are generally found in sheets saturating 
sandy limestone, and sandstone or gravelly deposits; though 
frequently the well-drill strikes a subterranean stream flowing 
in fissures of the rocky deposits. Their depth varies from 25 
to 100 feet and more. The water procured at various depths 
is either the local rain which has filtered through the limestone, 
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and sandstone deposits until it strikes an impenetrable strat- 
um and collectB on it, or it is the rain and snow ^ting in the 
south eastern portion of the plains following these depositE. 
Like all limestone waters they are clear and sparkling, possess- 
ing an agreeable taste. They are charged with carbonic acid 
and contain carbonate of lime and magnesia in small quanti- 
ties, small quantities of iron, silica and potash, sometimes sul- 
phates, and little or no organic matter, - 

SBCTIONB OF W£LLS IN DIFFBRBNT LOCALITIES. 

Average of welU in San AngeU). 

Soil, chocolate color, marly 3 to 10 ft. 

COTtcretelimettone 20 to 50 ft. 

Total 23 to 60 ft. 

Lipan Flat. 

Soil. chocoUte color, marly 3 to 10 ft. 

Clay, red or yellow 40 to 50 ft. 

Limtalone IS to IS tt. 

Total 68 to 78 ft. 

Prairie North of San Angela. 

Soil, chocolate color marly 3 to 5 ft. 

Clay, red 27 to 40 ft. 

Limeitone, blue hard 10 to 20 ft, 

Sanditone, gray 15 to 20 ft. 

Total 95 to 150 ft. 

South Concho, 40 rniUttouOi of San Angelo. 

Soil, calcareouB grayish 3 ft. 

Limtitane, changing in color and density 100 ft. 

LimetUme and clay of various colors, changing in thin 

layers 126 ft. 

Sanditone, gt»Y 7 tt. 

Total 228ft, 

Middle Concho, SO miUa vieil of San Angela- 

Soil, calcareous ^ay 3 ft. 

Limtitone, changing in color and density SO ft. 

Clay and Limtstone, of various colors, changing in thin 

layers 150 ft. 

White Sanditone 25 ft. 

Total 268ft. 

Artesian welts- — All the conditions favoring artesian wells 
are present : — impenetrable strata, sufEeient dip of the forma- 
tion and water in abundance, — but as the water has to he pro- 
cured from the Carbonic deposits, it will probably be found 
brackish, as water has never been found otherwise in this form- 
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atioa in Texas. A few teste have been made, only to affirm 
the experience gained in other localities. Still these waters 
are often saturated with common salt, (chloride of sodium), 
and accompanied with gas, so that perhaps salt works may be 
establiahed with profit, the gas heing need for the concentra- 
tion of the brine. 

Salt wells and other mitisriU wells. — The clay deposits of 
the Permian formation in this country are frequently highly 
impregnated with chloride of sodium, (common salt), and 
generally contain chlorides of potash and magnesia, with car- 
bonates and sulphates of lime. The water has dissolved these 
minerals and contains them in solution whenever it has passed 
through these deposits. A decomposition of sulphates causes 
them sometimes to contain sulphuretted hydrogen. These 
wells are not infrequent, and their v^lue in treating diseases 
of the skin and digestive organs is highly recommended. The 
artesian water of the Carbonic formation formerly mentioned 
is, as far ae experience goes, always highly saturated with 
salt and generally accompanied by a flow of gas. The long 
summer and high temperature during this season, by using the 
gas, will permit a cheap manufacture of salt. 

The soils of this section — Are either derived through disin- 
tegration of the Cretacic or Permian strata, and of course 
their character depends on their source. If derived &om the 
Cretacic along the upper valleys of the rivers and creeks and 
upon the plateaus, they are highly calcareous, generally of a 
dark grayish black color ; if sufficiently mixed with vegetable 
matter they are highly fertile, containing all the minerals nec- 
essary to support vegetation. The soils derived from the 
Permian deposits are always of a deep chocolate-red color; 
they are marly and well mixed with vegetable matter and 
contain a high percentage of iron-oxide and other minerals al- 
ways supporting a vigorous vegetation. These soils, easily 
recognized by their deep red color, cover the lower valleys and 
uplands for a hundred thousand acres. They are very reten- 
tive on account of their argillaceous character and in fertility 
can not be surpassed. 

Building material. — The Cretacic and Permian formations 
consist, as mentioned before, chiefly of sandstone, limestone 
and clay beds. The sandstone and limestone vary in character; 
the former, especially, if taken from the Upper Permian, is 
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a durable stone; the quartz grains are generally small, bound 
together bj' a siliceous cement sometimes containing iron, col- 
oring the stone in all shades of yellow, brown and ted. The 
rock is easy to work with hammer and chisel, and very suita- 
ble for architectural ornamentation. £zaminations in quarry 
and buildings prove that the rock well withstands the various in- 
fluences of this climate. The sandBtone constituting the base 
of the Cretacic is generally leas desirable, being softer and 
containing a calcareous cement. Both formations furnish a 
good limestone, often semi-crystalline and variously colored. 
On account of its hardness the stone is generally selected for 
rubble masonry. 

Quicklime. — An excellent quality of lime may be obtained 
by burning the limestone of either formation. 

Cement. — The raw material for its product, a mixture of 
clay, sand, and lime, is found in abundance, which if burned 
will make cement of good quality, 

CTay— Underlies the river valleys. Theifc deposits are var- 
iously colored, red, blue and yellow. Suitable for the manu- 
facture of Terra-Cotta, Majolica and pottery. 

Irrigation. — The method of irrigating theriver bottoms has 
been practiced since the settlement of this country commenc- 
ed, almost 15 years ago. The average fall of the rivers and 
creeks is 10 feet per mile, and a low dam, from 5 to 10 feet, is 
generally sufficient to raise the water to the level of the land 
and permit, at low expenditure, irrigation of large tracts of 
fertile valley land. At the present there are about 16,000 acres 
under irrigation principally located on Dove oreek,Spring creek 
South Concho and North Concho rivers. The lower uplands, 
covered with arichmarly soil, can be irrigated by constructing 
reservoirs. The land is gently sloping along the course of the 
rivers. Clay underlies the large undulating flats, and the ma- 
terial of the hills is a hard limestone clay and sandstone. The 
rainfall of the country is sufficient to keep even the largest 
reservoirs filled during the year, and the cost would be but a 
trifle in comparison with the benefits derived from such an 
enterprise. 

Grasfes. — The principal varieties are ; Oat top, which is ea. 
ily recognized by its reddish color. Though resembling tl 
common sedge grass it is not as coarse and is well liked ' 
stock. Meaquite grass, is of a light green color, growi- 
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among the roots of the mesquite bushes in rich and mellow 
soil, is soft and of abimdant foliage and highly appreciated on 
account of its nutritious qualities. Gramma grass, is of a 
bluish green color, and though somewhat coarse is very nutri- 
tious and never becomes perfectly drj-. Running mesquite 
and buffalo grass are both valuable pasture grasses, forming a 
dark turf extending over many acres. Both these grasses are 
exceedingly nutritious. The bulTalo grass is said to revive af- 
ter a rain succeeding a drouth. 

Timber. — The rivers and creeks are lined with pecan trees 
and these with mulberries, and plums often form extensive 
groves along their bottoms. Upon the large flats grows the 
mesquite, and the declivities of the hills support a growth of 
live oak and cedar. 



ON THE MAQUOKETA SHALES, AND THEIR CORRELA- 
TION WITH THE CINCINNATI GROUP OF SOUTH- 
WESTERN OHIO 
Bv JosiFH F. Jakes. M.Sc., U. S. OeuIogfcHl Survey. 

The term Maquoketa shales (pronounced Ma-qoo'-ke-tah), 
was applied to an exposure of rocks of Lower Silurian age by 
Dr. C. A. White in 1870. ' The character of the strata referred 
to this horizon and the reasons advanced for the introduction 
of the name, are found in Dr. White's report on the Geology 
of Iowa. The easential portions of his remarks upon this divi- 
sion of rocks are given below. He says ;' 

".irea and Otneral CharacUrt. — The Burtace occupied by this torma- 
tiim is comprised within a Bingularly long and narrow urea, seldom 
reaching more than a miie or two in width, but more than a hundred 
miles long within the state. It lies like a narrow aicuoua band upon 
the surface between the rejtions occupied rcBpt'ctively by the Galena 
and Niagara limestones; havin);, like Ihem, a northwestward and 
southeastward trend. Its most eoiitherly exposure is in the bluffs of 
the Miasi.'^sippi river near Bellevue, in JackBon county, and the most 
northerly one yet recognized is in the western part of Winneshiek 
county. 

"The whole formation is largely composed of bluish and brownish 
Hhales which weather into a tenaciouB clay upon the nurface, and the 
soil derived from it is usually stiff and clayey. The shales are some- 
times slightly arenaceous, and sometimes calcareous bands compose a 
considerable part of its bulk, The latter is the case at the typical 
localities on the Little Maquoketa river about twelve miles westward 
from Dubuque." 
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"Oiologieal Age. — The (oeailB contaiaed in this formation, together 
vith its positioD in relation to the underljing and overlying formations, 
leave no doubt ae to the propriety of referring it to the same geological 
period as that in which the rocks at Cincinnati, Ohio, were formed; 
bnt as a formation, it is regarded as distinct from any other one of that 
gronp hitherto defined ; — the designation 'group' refers to a whole 
period in ^ologic time, and when it is applied to any single formation, 
\t6 indeflntteness differs only in degree from a mere reference of the 
formation to its proper system or age. Therefore, as the strata ol this 
formation, all referable without doubt to a single epoch of its period, 
are well developed on the Little Maquoketa river, where its character- 
istic fossils are also abundant, the name Maquoketa Bhalea ia given to 
this particular formation of the group." 

Dr. White upon the authority of MeesTB. Meek and Worthen 
and upon the strength of his own obBervatious, rejects the 
term Hudson River group as applied to these shales in Iowa, 
Illinois and other interior states, and adopts the term Cincin- 
nati group instead, using, he says, "the name Maquoketa 
shales to designate that particular epochal sub-division or 
formation of the group which alone is found in Iowa. 

"Foa»il». — Several species of fossils which characterize the Cincin- 
nati group are found in the Maquoketa (holes, such as Orihit tettndi- 
naria, 0. occidental^. Strophomena altemata, S. {LepUena) tericea, etc., 
but they contain a large number of species that have been found no- 
where else thaa in these shales in Iowa. They belong to the genera 
Orthocerat, Murckitonta, PUurotomaria, Sehiiodui ( ?1, Diteina, OrapW- 
lithuM, etc., The dUtinci faunal eharacteristio pretenttd by IhtK foitilt 
last referred to, teem to viarrant the teparation of the Maqiutketa thalei at 
a diitinct formation from any othert of the group,^ Its true position ia 
probably at the base of the group." 

It is thus seen that Dr. White considered this division of 
rocks as a distinct formation mainly for the reason that cer- 
tain species were confined to the typical locality. The force 
of this supposition will be considered under the discussion of 
the fossils. 

Having thus given the description which accompanied the 
original proposal of the name, let us examine the literature 
which deals with these or rocks of similar age as found in 
Iowa, in Wisconsin and in Illinois. 

The first detailed notice wc find of the formation in geologic 
literature is by professor James Hall. In 1858' he published 
a description of the rocks as observed by him in Iowa, under 
the name of the "Hudson River group." After noticing the 
connection between the Trenton and the Galena limestones, 
mention is made of the Hudson River group and its charac- 
ters in New York, Canada and Pennsylvania. Toward the 

'These last italics mine. (J.) 

'Geol. Survey of Iowa, vol. I. part 1. pp. 64-70. 
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west the arenaceous beds are lost and argillaceous and calcar- 
eous beds predominate. Beyond Lake Winnebago in Wiscon- 
8U1, the calcareous shales have been recognized in several 
places and they were referred by Mr. Lapham to the "Blue 
limestone" group. Further Dr. Percival recognized the same 
shales as underlying the limestone of the "Mounds," and des- 
cribed them in his first report of the geological survey of Wis- 
consin.* Professor Hall then goes on to say : 

"The first indication of the existence of this ctouji in Iowa was ob- 
served in some mound-like elevations near the Missiaaippi river, aboilt 
eight or ten miles below Gutenbei^. On examination tneee proved U> 
be above the Galena limeBtono, and their summita capped by the 
Niagara limestone, with I'eniamemt oblon^ai, corals, etc. The slope 
afforded no opportunity of obtaining a section of the beds between the 
two limestones ; but from the character of the soil, the gentle slope of 
the hill, and other indications, it was preanmed that these beds occur 

"Our attention was subsequently directed by Mr. Childs to the site 
of an old mill on the Little Makoqueta, from which some fossils had 
been obtained, and which, from their previons examination, were in- 
ferred to belong to the Hudson River group. At this locality, though 
the shales were not seen in litu above water, it was evident that they 
had been thrown out in excavating the foundation of the dam ; and a 
slide of gravel and clay on one side of the stream may have covered 
up what was formerly art outcrop of the same, since fragments are 
abundant at the margin of the stream. On another branch of the 
Btreajn, upon the land of Kr. Pitts, there is an exposure of soft shales 
with calcareous bands containing abundance of Orlkoceratites; while 
the shaly strata, in some parts, are filled with Tellinomya (Nueula) 
Itvaia. The details of this section are given below : 
"17. Top of bank of stream ; calcareous bed, compact comminuted 
shells; a few Orthoceratitcs. 

16. Shnle with graptolite-like markings I foot. 

16. Calcareous bed, with comminuted fossils 1 foot. 

!4. Fissile shale 10 to 12 inches. 

13. More compact calcareous bed, with comminated and minute fossils ; 

some Orthoceratites 18 inches. 

12. Shaly calcareous bed, with comminuted and minute shells. 1(! inches. 

11. Orthoceratite bed 8 or 10 inches. 

10. Shale einches. 

9. Orthoceratite layer 7 inches. 

8. Shaly calcareons matter 6 inches. 

7. Orthoceratite bed 1 foot. 

6. Shale 7 inches. 

5. Calcareous bed, with Orthoceratites and minute shells. . ..8 inches. 
4. Shale with minute fragments of shells and graptolite-like mark- 
ings 10 inches. 

'i. Concretionary layer 1 foot. 

2. Caicareous bed with minute shells tiiie Orthoceratites 1 foot. 

1. Shale with Lingula, 12 feet from bed of stream 12 feet. 

This section is abont twenty-five feet in thickness. The Orthocera' 
liiee are noted as being extremely abundant. "The black shale at the 
base of the section," Professor Hall says, "is not unlike the Utica 
slate, and the presence of Lingala of a large and small species enhances 

•Page 11. 
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the resemblance." A similar shale wae thrown out of a shaft eome 
two miles west of Dubaque, which eontaioed broken fossile, and in the 
same vicinity ^ucula or Tdlinontvawe^ found. "The entire thickness 
is probabi; lese thaji seveuty-flve Feet, and apparently but little more 
than sixty feet." 

"Iq consequence of the easterly direction of the river, (MiBsissippi), 
the shales of the Hudson River group continue above the water levd, 
find appear at their full development as low down as Sabula; where 
the clifiat Savannah, on the oppoette side of the river, gives a section 
of some eighty or ninety feet. At this place the calcareous bands have 
increased in thickness and fre<iuency ; and tbe whole mass has much 
the same appearance as at Cincinnati, Ohio, and Madison, Indiana. 
Among the lossils occarring here are Onhit oeaidfTdalit, 0. tesludinaria, 
Strophomena tUlemata, S. fililexta, and others which do not occur in tbe 
exposures of these shales farther to the north." "The shales of this 
group finally disappear beneath the river before reaching LyonSj»t 
which point the Niagara limestone comes to the level of the river. We 
shall probably be able hereafter to find some sections of this arnup far- 
ther to the Northwest, which may prove its character and thickness. 
All the facts at present known regarding it, show that it becomes grad- 
ually thinner in'that direction ; and we inier from the exposures ob- 
served, that it does not exceed seventy-five feet in thickness (and la 
Srobably less than that) on the branches of the Little Makoqneta Creek.' 
n the Ohio river at Cincinnati it is more than five hundred feet in 
thickness, while the geological report of Missouri gives to this group one 
hundred and twenty feet. The great developmecJi which it attains in 
eastern localities, compared with theae observations, shows that there 
is a constant dimination to the westward ; and we may expect to find 
its greatest tenuity or absolute diseappearance from thinni^ out, 
somewhere about tne head waters of the western branches of Turkey 

In 1861 profesHor Hall published' deBcriptions of some new 
species of fossils from the Potsdam, Trenton, Hudson River 
and Niagara groups. Among these species were the following 
from shales overlying the Galena limestone on Little Maquo- 
keta river, in Iowa. Oraptolithua peoata, Pleurotomaria 
eetaile, Cyrtoceras wMtneyi, Orthaceras gregarium (after- 
ward changed to 0. sociale), and Calymene mammilata. 

In 1862 profesaor Hall described' the series which he had 
previously referred to the Hudson River group, under the 
name of "Green and Blue shales and limestones," Among 
these rocks he places the beds found on the Little Maquoketa 
river in Iowa, and after quoting the section as given in the 
Iowa report,' gives the details of another section as found near 
Scales mound in Illinois just south of the Wisconsin line 
This section is as follows : 

^he name is thus spelled by Professor Mall. 

'Rept. of Snpt. of the Geol. Survey (of Wisconsin), Madison, 1861, 
pp. 62. 
'Geol. Survey of Wisconsin, vol. I. pp. 47-55. 
"See ante p. 338. 
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.._ a; _.... 

Green silico-calcoreouB and argill&ceous shales 1] ft. 6 in. 

A Hilico-calcareous or magnesian band 3 in. 

Greenish ehate as above 12 ft. 

Concretionary layer, one to three inches 3 

Shale with Lin^te , 6 

A layer filled with s, small Nncula orTellinomya, and known 

as the Nncnla bed, tour to eight inches 8 

A calcareous band cnt by open joints or flBsurea, into which 

the materials of the layers above have penetrated 4 

Dark olive shales, finely laminated and destitute of foBsita. . . 3 ft. 4 
Jfucotabed, similar to that above, four to six inches 6 



Total, 42 ft. 

Reference is made in this report to the organic remains and 
the following species are illustrated but no descriptions are 
given : Nitoula ( Tellinomj/a) fecunda, Clidophonta neffleetue, 
Pleurotomaria micula, P. depauperata, Cyrtolitea conradi, 
Bellerophon (Bucania) liratus, B. patersoniy Theca parvivf 
cuius, and Calymene mammillaia' 

In the same volume'" professor J. D. Whitney gives an 
account of the Hudson River shales of the state, in the course 
of which (pp. 179-180), he gives a section of the strata near 
Scales Mound station, which is in all essentials the same as 
that of professor Hall already quoted. He also notes the sec- 
tion on the Little Maquoketa river near Channingsville, Iowa." 

In 1866 professor J. D. Whitney" mentioned an exposure of 
the Cincinnati group "near Channingsville, Iowa, on the Little 
Maquoketa river, first pointed out by C. Chiids, Esq., of Du- 
buque." There is here a section, he says, of "about twenty- 
five feet of soft shales and layers, crowded with Orthoceratitee, 
as well as Tellinomya {Nucula). Layers made up exclusive- 
ly of Ortkoceratiiea, packed as closely as possible, are seen 
on the small streams a few miles west of Dubuque," 

This reference of the shales to the Cincinnati horizon ante- 
dates that of Dr. White by four years. Late Post Office guides 
contain no such office as Channingsville. The name has 
probably been changed, and may be now known as Lattners. 

In 1876 professor N. H. Winchell in his report" on Fillmore 
county, Minnesota, says under the head of Maquoketa shales : 

The first eight are Bgtired on page 55, and the last on page 432. 
"Ibid pp. 177-186. 
"See for this the next reference. 
'Geol. Survey of Illinois, vol. I. p. 176. 

"Geol. and Nat Hist. Survey Mum., 4tli Ann. Kept, for 1875, p. 63, 
1876. 
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"This is the name given to the Cincinnati group of shales and lime- 
Btonee, as they appear in Iowa, by Dr. 0. A. White, [mis-printed C. M], 
ol the Iowa survey of 1870. Without questioning the coirectneBS of his 
conclusions that where these shales appear in Iowa they embrace a 
distinct portion, only, of that series known as the Cincinnati group, his 
designation is provisionally adopted in our nomenclature. While it 18 
certain that this formation enters the state from Iowa, being seen two 
milea south of the state line, at Lime Springs, it is still true, that not a. 
single observation has yet been made on it within the limits of Minne- 

BOtB." 

In 1880 Mr. J. F. Whiteaves published" a notice of Bome 
fossils that had been found at Stony mountain Manitoba. 
This "mountain" is a hill some fifty feet in bight, on the west- 
ern bank of the Red river not far from Fort Garry, (p. 49). 
Mr. Whiteaves says : 

"The collection made by Hr. EUs at this locality shows, first, that a 
-, large portion of the mass of Stony Mountain consists of limestones with 
clayey partings, which are identical, both in their lithological and pal- 
feonlological characters, with the well known rocks of the Hudson 
Biver or Cincinnati group of southern Ohio, and elsewhere ; and sec- 
ondlj, that these Hudson River rocks of Stony Mountain overlie, im- 
mediately and conformably, the buff-colored, fosailiferous and more 
or less magnesian limestones of the Red River valley, which have 
alrendy been assumed to be the representatives of the upper part of 
the Trenlnn limestone." (p. 50). 

The species recorded by Mr. Whiteaves are as follows : 
Chfetetes delicatulus Nicholson. Orthis testudinaria Dalman. 

MonticuHpora sp. Orthis Bub-gnadrata Hall. 

Monticulipora whiteavesi, ? Rhynchonella capax Conrad. 

Nicholtion. Murchisonia gracilis 7 Hall. 

Favositea proliflcna Billinps Cyrtolites omatus ? Conrad. 

Streptelasma corniculum Hall. Ascoceras n^wberryi Billings- 

Ptilodictya (Stictoporal acuta Hall. Chsirurus Icarus Billings. 
Sirophomena nitens Billings. Calymene blumenbachi Bgt. 

Strophomena hecuba, Billings. [Identified by Billings but it is 

probably G. caliicephala Green]." 

In 1883 Mr. W. H. Pratt published" an account of "An arte- 
sian well at Moline, Illinois," a point which is about fifty miles 
south of Savannah, and a few miles north of Rock Island, Ill- 
inois. In this section the Devonian is given at 113 feet; the 
Niagara at 275 feet ; and the Maquoketa at 220 feet, immedi- 

"Geol. SurveyofCanada, Kept. Progress forlH78-79. Montreal, 1830 1 
Appendix I ; pf). 49, 50, C. 

'*rhiB paper is alluded to in this connection because Dr. George M. 
Dawson later on referred to the strata of Siony mountain as probably 
equivalent to a portion iif the rocka of a deep well which he called Ma'- 
quciketa shales. See reference below. 

"Davenport Acad. Sci., Proc., vol. 3, pp. 181, 182. 
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ately beneath which comes the Galena limeetone. Thus at 
this point the shales have increased to nearly three times their 
thickness at Savannah, and have sunk 388 feet heneath the 
I'urface, showing a dip of over nine feet to the mile. 

In 1887 Dr. George M, Dawson published" some details of a 
boring at Rosenfeld Station on a branch of the Canadian 
Pacific railway, in the Red River valley, Manitoba. In this 
boring the Maquoketa series has an estimated thickness of 
three hundred and fifty two feet, and consists of grey and red 
shales, sandstones and limestones. Dr. Dawson correlates th« 
beds represented in this boring with rocks of the same age in 
Minnesota and Wisconsin. He gives, also, on the authority 
of Mr. J.-H. Panton details of a section at Stony mountain, 
Manitoba, of rocks for a depth of one hundred and sixty feet. 
These were pronounced from the fossils, examined by Mr. J. 
P. Whiteaves to be of Hudson River age. These rocks are 
supposed to represent the lower two hundred and elxty feet of 
the rocks of the Rusenfeld well. It would «ppear from this 
correlation, that after thinning out very materially toward 
Minnesota, the shales increase again In thickness to the north- 
ward. It may be doubted, however, whether they extend un- 
brokenly across Minnesota to its northern boundry. 

In 1888 professor 9. Calvin noted" the formations passed 
through in a deep boring made at Washington, Iowa. He here 
records that at a depth of 702 feet from the surface there was 
found a "fine bluish or greenish shale, identical in all respects 
with shales of the Hudson River group, as seen in the bluffs 
at and below Bel]e^'ue, Iowa. Clay shales, sometimes with an 
admixture of sand, and again with some calcareous matter, 
are continued down to a depth of 793 feet. This group of 
shales are plainly referable to the Hudson River shales of 
Hal! or the ^laquoketa shales of White." 

This locality is some 75 miles south of the typical locality 
of the shales. The drift was 350 feet In thickness, which 
makes the top of the group 353 feet below the rock surface, 
and we thus have a dip of about 4% feet to the mile, and an es- 
timated thickness of the rocks of 91 feet. It would thus ap- 
pear that they thin out very materially toward the south as 
well as toward the north. 
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In October, 1889, Mr. C. H. Gordon published'* an article on 
the geology of soutbeaeterti Iowa in which he gives the records 
of some deep wells bored at Keokuk, Ottumwa and SigonrHey. 
At the former and the latter places the Maquoketa shales were 
recognized. Keokuk is in the extreme southeast corner of the 
state, and ie about 60 miles south of Washington. Here the 
shales are recorded as being 63 feet thick and 800 feet below 
the surface. Sigourney is some 25 miles west of Washington 
and here the shales were 140 feet thick and 1030 feet below the 
surface. Not allowing for the drift, the shales at Washington 
are 702 feet below the surface and 91 feet thick ; at Sigourney 
they are 1030 feet below the surface and 140 feet thick ; while 
at Keokuk they are 800 feet below the surface and only 63 feet 
thick." 

In 1889 Mr. E, 0. Ulrich published" some notes upon old 
and descriptions of new species of corals, polyzoa, and ostra- 
cods from Stony mountain, already alluded to. Mr, Ulrich 
calls the rocks "Hudson River or Cincinnati" and in a sum- 
mary enumerates twenty-nSne species of fossils. Of these no 
lessthantwenty are also found in the Cincinnati group of Ohio, 
Indiana and Illinois. 

While the references here given comprise all that have been 
noticed as dealing with the Maquoketa shales, or rocks which 
have been referred to this formation, it should be remarked 
that Dr. John Locke in 1839 described'' the strata and figured 
a section from the Little Maquoketa River, some seven or eight 
miles west of Dubuque, eastward to Sinsinewa mound in 111- 
inois. Dr. Locke, however, referred the rocks to a horizon 
which he regarded as the equivalent of the "CHff limestone" of 
Ohio, now known as the Niagara, and placed the lead bearing 
Galena limestone with the Lower Magnesian of Dr. Owen. He 
did not recognize the existence of the shales as separating his 
Magnesian from the Cliff limestone above. 

r valley " 

„ , _, ^ _. : Lth tllfi 

and in tbeir thickness, ia shown In these well borings. 

"Contri. to Micro- Pal leon. of the Cam bro- Silurian rocke of Canada. 
Part 2. Geol. and Nat. Hist. Survey of Canada, Montreal, 1S8U, pp. 27- 
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A recent visit to the typics! locality of the shales in Iowa, 
for the purpose of 
* - collecting the or- 

ganic remains, un- 
der the aiispiceit of 
the United States 
Geological Survey, 
enables me to give 
details of the rocks 
. ^ ae they are at pres- 

ent, and^to furnish 
some more definite 
information as to 
their locality than 
has previously been 
, ^ published. 

The Chicago, St. 
Paul and Kansas 
■''^'" City railroad, six- 

teen miles west of 
'/' Dubuque,Iowa. pas- 

''* ses a little station 

*'" known as Graf. A 

j>>t mile beyond, and a 

few hundred yards 
///- from the railroad 

^„i crossing, is Lattners 

* TbTAt Stji ^in. ^'09* Office, a email 

place of half a doz- 

fiactlon of Uaquaketm ■hmlsion nllioad n*ar Qraf, law>. i _ _. 

^ en houses, a store 

and a mill or two. Between Graf and Lattners is a cut on 
the railroad and a second one on the wagon road. At the 
former of these places is an exposure of about thirty feet, the 
details of which are as follows: 
Section of Maquoketa- Shales on railroad near Graf, Iowa. 

18. Alternating shflles and limeHtonea 8 ft. 

17. Litnestonea formed of finely comminuted sheila, a few .... 

perfect 1 ft. 

16. Thin Jaminated ehales, with Polyzoa 1 ft. 9 in. 

16. Limestone with Orthoceras, very abundant 1 ft. 

14- Shale similar to No. 16 8 in- 

13 Shale with Orthoceras 4 in. 

12. Shale 4 in. 

U. Limestone lilte No. 15 5 in. 
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10. Shale with Orthoceraa, like No. 13 8 in. 

9. Limeatoue, with Ortbocerae, like No. IS I ft. 

8. Shale with maay jtraptolites and ematl ehellB 8 in. 

7. Comminuted ebells, with Marchiaonia . 3 in. 

6. Shale with comminuted fosaila like No. 8 9 in. 

5. Comminuted ahellft witb a few perfect gaateropods 2 ft. 

A. Shale with Graptolitea and Lingiilte 3 ft. 

3. ahale with numerous Hyolithes 3 in. 

2. Shale with graptolitea etc., like No. 4, but largelv barren.6 ft. 4 in. 

1. Covered; probably like No. 2 3 ft. 

Total 31 ft 3 in. 

The position of these shales and limestones is accurately 
given by Dr. White, They are the equivalent, and in fact the 
extension, of a part of the Cincinnati group as exposed in 
Ohio, definitely limited at the top and bottom. The junction 
of the series with the Galena limestone is shown on a small 
branch of the Maquoketa which empties into the main stream 
a mile or so below Graf On the river itself at this point the 
typical, yellow Galena iimestone is exposed, in places having 
a hight of from twenty-five to forty feet. The rock contains 
very few fossils and is in solid courses varying from four and 
six to twelve inches in thickness, the layers being separated by 
a few inches of shale. Following a road which leads up the 
small tributary, the Galena limestone is seen exposed to a 
limited extent. About half a mile above the mouth the shales 
begin to appear, and these a mile further up are to be seen in 
full force. The shales with graptolites. No. 2 of the section, 
as well as the layers with Orthoceras, are well shown. The 
junction of tbe two series. Galena and Maquoketa, can be ob- 
served in the bed of the little creek. The two are quite dis- 
tinct. The lower one, Galena, is a solid, yellowish limestone, 
showing a considerable amount of erosion on its upper sur- 
face. This is overlain by a tenacious yellow clay and this in 
turn by the blue shale as seen in the railroad cut. Thus an 
unconformity by erosion exists between the two formations, 

A short distance from the Post Office (Lattners), a small 
branch comes down from between the hills and empties into 
the river. Along this ravine there are a few exposures, at a 
higher horizon than the railroad cut. A yellow clay replaces 
the blue ; the Orthoceras layers are absent, but slabs containing 
LepUsna aericea are found, as are also specimens of Str^tel- 
a$ma comiculum. Slabs of a dark, heavy limestone with 
polyzoa nnd brachiopods are occasionally found on the hill 
elopes. Quantities of chert containing a few fossils alaooc- 
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cur. There ie no vertical exposure but the slope ia undoubt- 
edly over the upper beds of Lower Silurian age. 

On the opposite side of the railroad from the Post Office is 
a hill, probably two hundred feet high. On top of this has 
been opened a small quarry with a face of about fifteen feet, 
the limestone in courses of from four to six inches, and with 
considerable quantities of chert in places. Among the debris 
here I found a specimen of FavoslteB gothlandiea, indicating 
a Magara horizon. 

The slope from the bottom of this hill to within about forty 
or fifty feet of the top is gradual. From this point to the top 
it becomes quite abrupt, and this abrupt portion probably rep- 
resents the Niagara limestone. The shales and limestones of 
the Lower Silurian are easily broken down ; but the heavier 
courses of the Niagara resist atmospheric action and are not 
so easily afTected. The change from a gradual to an abrupt 
slope is noticeable on all the hills in the vicinity, so that the 
Niagara doubtless caps all the high ground. Both the Niagara 
and the Maquoketa disappear toward the east, and as Dubuque 
is approached the Galena limestone comes to the surface. 

In geologic nomenclature it is occasionally expedient to give 
to exposures of rocks in different parts of the country distin- 
guishing names. It has sometimes been done because the 
facts at hand have not permitted a correlation of the rocks of 
two or more widely separated sections of the country. Thus 
the names Hudson river, Lorraine, Nashville, and Cincinnati 
have been given to groups of rocks in different parts of the coun- 
try, though all of them are referable to the same series. The 
terra Lower Magnesian was applied to a series of rocks in the 
northwest, before it was known that these were of Calciferous 
age. Le Claire limestone was given to another series because 
it was thought to be distinct from the Niagara. Similarly Maquo- 
keta was applied to a formation because it was supposed to 
represent a distinct epoch of the Cincinnati group. 

There are certain rules that must govern the coining of new 
names for formations in new localities. The aeries of rocks 
must represent a distinct period in geological time and one 
that has not been previously named and described. They 
must be shown to be distinct from previously named series by 
a difference in lithologic combined with palteontologic features. 
Or else by showing that the newly proposed group or formation 



zedbyGOOglc 



346 ■ The American Oeoloffiat. Jm 

represents a commingling of forms which characterite tv 
more distinct periods in another part of the country, 
cases as the latter we have in the Anticoeti group, where 
per and Lower Silurian epeciea are mingled together in i 
ies of rocks of great thickness and peculiar lithologic ch 
ters ; and in the Cincinnati group where Lorraine, Utica 
Trenton fossils are intermixed, 

But where a difference in lithologic characters alone e 
without any marked change of fauna or of position in reli 
to other known groups ; or where a horizontal distance : 
rated two eras which were once supposed, &ut at a later p 
are shown not to be separated by any great break in cont 
ty ; then if a new name be given and a new division formi 
can not readily stand the test of investigation. Thu 
believe the Maquoketa cannot retain its autonomy even 
formation distinct from the Cincinnati group for the folio 
reasons : 

1. In position with relation to under and overlying i 
they are the same. 

2. In lithologic characters there is no difference thatci 
noted ; both consist of calcareous shales and thin bedded 
stones. 

3. In palaeontological features they are almost cou 
parts, only a single species out of 41 being confined tc 
Iowa series ; and 

4. They are in actual fact, the extension of the Cincii 
group as exposed in southern Ohio. 

Of these four reasons we shall take up the last first. W 
the better able to examine into this subject because of th 
tensive search which has been carried on in Indiana for 
ural Gas. The underground geology, as professor Ortoi 
termed it, has become an important adjunct to above gri 
geology. By means of the records of well borings we can i 
the extension of series of rocks long after they have bi 
themselves beneath the surface. The Ohio Geological Sv 
has taken a leading part in placing upon record and disi 
ing the facts the wells have revealed, and Indiana has 
something in this way. But we are especially indebted U 
industry of Mr. Frank Leverett, who, while engaged in tre 
the moraines of Indiana for the United States Geological 
vey, collected such well records as he could in the court 
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hiswork, and who has presented the reBQlte in a paper pub- 
ItBhed during the past year." In this paper are given the re- 
cords of 136 wells in Indiana and of 80 or more in Ohio. With 
the first of these we are especially concerned, and by their aid 
we shall be able to trace the extension of the Cincinnati group 
across the state of Indiana. Then from the reports of the Illi- 
nois Geological Survey continue the work to the typical out- 
crop of what hae been called the Maquoketa formation in 
Iowa. 

The upper portion of the Cincinnati series is exposed in a 
few localities in southeastern Indiana. As long ago as 1837, 
Drs. Locke and Owen noted this extension ; and it is well 
known to geologists that at Richmond and Madison, Indiana, 
the highest beds of the series are found. The dip being to the 
westward, and northward, they are soon carried under the sur- 
face and are overlain by rocks of Niagara and later ages. 

If we take Richmond for a starting point and draw a line 
due westward we pass less than five miles to the northward of 
Indianapolis, and touch Illinois about thirty miles north of 
Terre Haute. Along this line or in its immediate vicinity, 
never more than ten miles to the north or south, we have 
records from ten wells. In the following table these ten well 
borings are given, with the facts necessary for our deductions : 



KnighlBUlH-n,.. 

No. 

McCordBTille... 



IndlanBpoiia , . . 



h 



The data in this table, though meagre, show in a sufficient- 
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ly claar manner the increaBing depth at which the Cincinnati 
rocks are found and the gradual diminution they undergo in 
thickncBs toward the west. From a thickness of 900 feet at 
Richmond, they are only 403 feet at Danville, 96 miles distaQt; 
and from a hight above the sea level of 964 feet, the top of the 
series descends to 95 feet below sea level. The greatest fall in 
the altitude of the top of the series is between Indianapolis and 
Plainiield, where in a distance of 14 milee, there is a differ- 
ence in elevation of 362 feet ; while between this and 
Danville, only four miles west, there is a fall of 112 feet. A 
well at Terre Haute, some 5fty miles west of Danville, 
was carried to a depth of 2,000 feet and stopped in the 
Corniferous limestone. With the same dip as that between 
Plainfield and Danville,the top of the Cincinnati group would be 
1512 feet below the sea level ; but if the thickness decreased at 
the same rate as between Danville and Plainfield, it must have 
disappeared long before Terre Haute was reached. 

Another interesting feature between the two places, Danville 
and Plainfield, is shown by Leverett's table. This is the won- 
derful difference in thickness of the Devonian at the two 
places. At Danville this formation is 570 feet thick, but it 
thine out to the eastward, so that at Plainfield, only four miles 
away, it is but 253 feet thick. So that while the Cincinnati 
group thins out toward the west, the Devonian lying above, 
diminishes toward the eaat. 
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Returning now to Richmond, and taking a line toward the 
northwest in the direction of Savannah, Illinois, and the Lit- 
tle Maquoketa river, Iowa, we have records of 14 stations in 
Indiana. These are arranged in the preceding table. 

In this table we find a different series of results. The alti- 
tudes of the rock level do not decrease uniformally, though 
tbere ia such a decrease in general terms. The altitude of the 
top of the Cincinnati group shows an almost uniform decrease. 
The thickness of the rocks diminisben from 900 to 305 feet in 
a distance of about sixty miles, or ten feet to the mile. Then 
it increases to 600 feet in eighteen miles, and subsequently di- 
minishes almost regularly for forty miles further, for at Flora 
it i9 only 306 feet in thickness. 

We are unfortunately without definite information concern- 
ing the underground geology in the two Indiana counties near 
the western border. The surface of these is covered with drift, 
but in Jasper county, near Rensselaer, the Niagara is exposed 
for about eight feet, and a well was sunk to a depth of over 800 
feet into limestone. Fart of this is Niagara, part Cincinnati 
and probably part Trenton. 

Mr. Leverett in discussing the features of his table remarks 
that the Cincinnati axis extends in a southeast and northwest 
direction, and he demonstrates it by figures relating to the 
Trenton. We believe the same is shown by the 6gure8 given 
in the above table. It is apparent, at all events, that atKoko- 
mo we are on the slope of the axis, for in the Course of twen- 
ty miles the altitude of the top of the group above tide, dimin- 
ishes over 300 feet, or about 15 feet to the mile. 

Mr. Leverett refers also to the probable existence of an east 
■and west axis of upheaval as extending from Carroll county 
westward to Monon and Kentland. At these two places are 
found outcrops of Niagara limQStonc, that at the latter place 
apparently being an isolated fragment in the midst of a De- 
vonian area, and forming an island, as it were, half-way be, 
tween the Niagara and Sub-Carboniferous formations. 

From the reports of the Geological Survey of Illinois we 
glean a number of interesting facta relative to the rocks of the 
Cincinnati group in that state. The hne we have been tracing 
enters and crosses the northeast corner of Iroquois county. In 
the western half of the county the Coal Measures come to the sur- 
face. Near its centre a seam ofcoal eight feet thick, was reported 
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^om a depth of 105 feet. To the southwest of this,atadeptbof 
300 feet, a c&lcsreous Bhale referred to the Cincinnati group 
has been found. 

The next county in order, Kankakee, is crossed in its south- 
west portion. The Cincinnati group outcrops at the county 
line for about ten feet, having risen from 300 feet below the 
surface in the county to the east. In a boring made in OUo 
township, a little to the north of our line of section, the Niag- 
ara waa 388 feet thick, this being the depth at which the Cin- 
cinnati rocks were found, while the group itself was 213 feet in 
thickness. 

At Wilmington, in Will county, juat north of Kankakee, 
"there is from fifteen to twenty feet of this (Cincinnati) group 
exposed in the bluffs of the Kankakee. The lower part is an 
irregularly bedded argillaceous limestone, which passes up- 
ward into green shales, with thin bands of limestone. Rhyncho- 
nella capax is very abundant here, in addition to most of the 
species observed at Oswego." " 

Grundy is the county next west of Kankakee, and here 
again the Coal Measures predominate. A well at Morris 
found the Cincinnati group about seventy feet, (69 ft. 10 in.), 
below the Coal Measures, the intermediate formations being 
absent. The Cincinnati group itself was 100 feet thick. On 
the Kankakee river only 50 feet of shales and eandstones in- 
tervened between the surface and the Cincinnati group, while 
in other places the overlying rock is only 20 feet in thickness. 
In the northeast corner of the county the Cincinnati rocks 
occupy the north half of the bed of Goose lake, while the Coal 
Measures occupy the south half. The foHsils found in the 
outcrops in the county are of such common species as Ck«- 
tetes lycoperdon, Pleurotomaria [Cyclonema] bilix, Ortkia lestu- 
dinaria, LepUena sericea, Ambonychia radiata, Calymene caili- 
cephala, etc. At Minooka the boulder clay lies 100 feet thick 
upon the rocks of this age. 

Kendall county lies immediately north of Grundy. At Os- 
wego, in this county, the junction of the Cincinnati group 
"with the overlying Niagara limestone is well exposed, and 
also from eighteen to twenty feet in thickness of the upper 
part of this group, [Cincinnati]. The upper six feet of the 
latter, at this locality, is a regularly bedded gray limestone, 

"Geology of niinoi§, vol. 1, pp. 138, 139, 1866. 
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in layers from six to twelve inches thick. Below this the 
rock is an irregularly bedded limestone, with intercalations of 
green shale extending below the bed of Fox river. It affords 
the following species of fossils : Slrophomena altemala, Ortkis 
lynx, 0. bella-rugosa. Ckeeletes pelropoHlan-us, Heteroerinus 
trnsflus, Dendrocrinua latibrachiatus, Porocrintt» cra«aM«, two 
species of Jfautilua (one of which appears to be N. herculea, of 
Billings) and Tentaculitcs oswegoends."" 

In addition to these Dendrocrinus oswegoensis, and Tentacu- 
liles sterlingensia have been described from this locality." The 
two species of Tentaculites, since recognized as forms of one, 
occur also at Cincinnati. In the county under consideration 
the group is about 71 feet thick, with a slight dip to the north- 
east. 

LaSalle county is next west of Grundy. The formations are 
here principally Coal Measures. An anticlinal axis crosses 
the county east of north, and the Trenton rocks are exposed. It 
is probable that the Cincinnati rocks were once present, but they 
have been entirely eroded. In the next county to the west, 
Lee, the rocks are present to a small extent, only about 30 
feet. 

Our line next crosses the northeast corner of Whiteside 
county. Here the Cincinnati group is from 10 to 37 feet in 
thickness, this being the amount exposed at Sterling. It is 
here a hard, blue limestone, not shaly as it is generally else- 
where, and it overlies the Galena immediately. From Sterling 
Dolabra sterling&nsis has been described. 

Lastly in Carroll county we reach the Mississippi river and 
find an exposure at Savannah. Here, we are told, "the lower 
part of the bed is more calcareous, and consists of thin bedded 
buff and brown limestone, some layers of which are remarkable 
for their cleavage into regular diamond shaped blocks. These 
layers are from two to four inches thick, and contain frag- 
ments of Trilobitee. The upper portion of the bed at this lo- 
cality is an ash colored argillaceous shale, with thin plates of 
limestone thickly covered with fossil shells, among which are 
Orthig lynx, 0. occidentalis, 0. teetudinaria, 0. bella-rugosa, 
Ckxieteg petropolitnnua and fragments of Trilobiles."" As al- 
. ready noted the group here is about 80 feet in thickness. We 

"Geology of llHnoU, vol. 1, p. 138, 1866. 

"Geology of Illinois, vol. 3, pp. 333, 343, 1868. 
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also seen that professor HslI compares the < 
)f Cincianati and Madison, and it is generally 
! direct eztenBion of the shales of the Maquol 
the year 1862 professor J. D. Whitney" mt 
t of Paige's Mound in Jo Daviess county, in 
jorner of Illinois, as "a soft, yellowish, mage 
, with graptolitic markings, and a consideral 
gments of AsapKui {hotelut) gigas. These sti 
lit of Paige's mound are identical with a pon 
ohserved farther south at Savannah." 
present below in a tabular form the main fae 
i in those counties in Illinois, which relate to 
'ocks : 
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J8 we see that from the last station in Indiai 
ated thickness of 300 feet, and a depth below 
) feet and over, the group rapidly diminishes 
J feet and 100 feet, and then disappears, whil( 
it rises from over 500 feet below, up to the su 
pearing again, however, in the course of a fev 
ising from 30 feet to 120 feet in Illinois, and i 
;et in places in Iowa. 

Thus we have traced the rocks of Cincinnati 
lut a break from Richmond, Indiana, to Sav 
and have demonstrated that the Maquok«ta 
.sion of the Cincinnati group. It will now b 
amine the fossil remains from the exposu 
ee to what extent they differ from those at 
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and elsewhere and aacertoin whether palteontologic evidence 
will bear out that of stratigraphy. The following list embraces 
apeciee which have been identified from material collected by 
the writer at the typical locality of the Maqnoketa shales of 
Dr. White. In the table the distribution of the Bpecies is 
Llal of fOMlla IdcDtlAed Irom W»qucket» Cieek. Iowa. 
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(BeyHchfaao. uDilel ....| 

Pliininlltei iamcH xl 



,v Google 



3.54 



The American Geologist. 



triven as far as known. The list of localities embraces Iowa, 
Wieconsin, Illinoie, Manitoba, Cincinnati and New York. It 
is made tlius extensive to show the wide extension of 
the Cincinnati group, ami the absolute connection of the 
Maqiiokcta series with the Cincinnati exposure. Out of 
the 41 species enumerated only 9 species are not found at 
Cincinnati, with doubt in respect to two of these. This 
number is likely to be reduced. Out of the 41 only a sin- 
gle species is peculiar to Iowa, though Bome of them are 
found only in the adjoining states of Wisconsin and Illinois. 
At the same time no loss than 23 species are found in New 
York state, with a possible increase in number. 

A few observations on some of the species of this list will 
now be made : 

Slreplelagiim corniruhim was not collected by me, but I was 
assured that it was found frequently in the bed of the creek. 

Diplo<iraptun peoatn. A form identical with thie has been 
described from the Trenton of New Yorii. Dr. R. H. Gurley, 
of the National Museum, who is working on a monograph of 
the Graptolites, thinks it may be the earlier described D. 
ainplccicaule Hall. A similar, if not identical species, has been 
found at Cincinnati. 

Hetcrocrinus hderodticlylu^ was identified from a segment of 
the column. 

Porocriiias enigma identified from a single plate of the body. 
The markings are so characteristic there can be no mistaking 
it. Fragments of other species of crinoids were found but 
have not been identified, 

PalcKchara macukda was originally described from the Niag- 
ara of Indiana. It is impossible to separate the Iowa form 
from the Niagara. A species of the genus is found in the 
Lorraine of New York, and another, or a closely related genus 
in the Cincinnati exposure. 

Lineitila coburgenais has priority over L. covingloneiiaia Hall 
ife Whitf. The first was described by Billings from the Tren- 
ton of Canada; II. & Ws. species is from the Cincinnati ex- 
posure. 

Liiirjiiln daphne is Billings's name for the form figured by 
Hall as L. atlennala, Sowb'y. 

Coleolus ? sp. This is a very abundant form, and is the 
only one peculiar to this locality. It varies from straight to 
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curved, though the specimens show little variatioD in size. It 
is about 10"°" in length, and 1°" in diameter at the base, taper- 
ing to a sharp point. A slender groove extends along one 
side. Occasional specimens show what appear to be a series 
of joints. In section it is circular. It is so abundant as to 
make up certain layers of rock, and at times specimens are 
collected in groups as if swept together by currents and en- 
tangled in a mass. Should this prove to be a new species, I 
propose the name of lowaensis for it. 

Hyolithes paniusculxis Hall is interesting as belonging 
to a group which was largely developed in Cambrian time. It 
is associated in the same beds with the preceding, though not 
nearly so abundant, t is probably this form which was cata- 
logued" as occurring at Cincinnati under the name oHIyolithea 
/iwericana Billings. This is, however, a Cambrian form ac- 
cording to Walcott." Mr. Walcott has described" H. vantix- 
,emi, from the Pogonip (Lower Silurian) of Nevada, which is 
possibly identical with Hall's species as above. In cross sec- 
tion, what appears to be a aiphnncle, sub-central, is occasion- 
ally to be observed. 

RajiMstoma micula, Hall, originally described as Pleuro- 
tomaria micula, is in all probability the same as R- subtUstria- 
tiim from the Trenton of New York. A figure, bat no descrip- 
tion of it, is given by Hall in the Geology of Wisconsin, p. 55, 
1862. A comparison of the Iowa specimens with forms from 
Cincinnati show that H. micula occurs at Cincinnati, though 
it has been recognized under another name. In fact R. micula 
is a synonym for R. subtilstrialum. 

Ort^ioceraa sociale, Hall, originally described as 0. gregarium, 
was changed by professor Hall in Miller's catalogue Palseozoic 
Fossils, p. 246, 1879. This was the only species of cephalopod 
found. The specimens vary from one-fourth of an inch to three 
inches in diameter. Only a few of the latter were obtained. 
Some of the smaller and better preserved specimens show trans- 
verse lines such as are seen in specimens of Endoceraa protei- 
forme,and as shown by figures given by professor Hall. In other 
specimens where the outer surface of the shell is worn off, the 

"Ulrich.Cftt.Foaa.Cin. Group, 1880; aUo James, (J. F.) Cat. Fobs. 
Cin. Group, 1886. 
"BuIl.U. 8. Geol. SurveyNo.30,p. 132, 1880. 
"Mon. U. S. Geol. Survey, vol. 8, p, 85, 1884, 
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septa are shown. These vary from 4 to 10 in the space of an 
inch. The eiphuncle ie central. Many specimens retain the 
nacreous exterior. A few show the body chamber, and one or 
two of these are very similar to Endoceras proteiforme var. 
strangulatum aB^garedhy professor Hall. It is a question 
whether this species is not really the same as certain forms 
described as Endoceras from New York. 

Tentaculitee aterlingenm. Professor Hall has lately shown" 
that forms deBcribed as Tentacuhtea, Ortonia, Conchicolites, 
SpirorbiB, etc., are really only certain phases of development 
of ComuUtea incurvus Shumard. Whether this be so or 
not, there can be scarcely any doubt but that Tentaculites 
oswegoensU, T. sterlingensis, T. minutus, and T. richmondeneia 
are all the same species. The differences are too slight to base 
species upon. 

Plumulites jamesi. A few plates of this species showing the 
characteristic double curve were found. It is interesting as ex- 
tending the range of the species from New York to the Missis- 
sippi. A single plate of a form of this genus is noted as hav- 
ing been found in the Pogonip of Nevada." 

In respect to the lithoiogic features of the Cincinnati group 
and Maquoketa shales we have seen that they are identical. 
Professor Hall refers to the close resemblance the rocks at 
Savannah bear to those of Madison and Cincinnati, at all 
three of these localities consisting of intercalated shales and 
limestones. The same fact has been recognized by other 
writers. 

Lastly the position of the shales in relation to over and 
underlying formations is identical with the Cincinnati £roup, 
the Trenton lying below and the Niagara above in both in- 
stances. 

With all these facts in view, namely, that the Maquoketa 
shales are the almost direct continuation of the Cincinnati 
series; that the palffiontologic features of the two are almost 
identical ; that the lithoiogic features of the two are the same, 
and that the position of the two in the geological scale is the 
same, it does not seem wise to retain the name Maquoketa 
as a distinct formation. It would seem better to con- 
sider the rocks as part of the Cincinnati series, dropping the 
term Maquoketa altogether. 



Digitized byGOC^IC 



„Google 



^ is I'M 

•s i 1 " 'I 







..db,Google 



THE LOWER AND MIDDLE TACONIC O 
NORTH AMERICA. 

By Jules Mabcod, Cam bridge. 
I, 

Introduction. — The conclusions of my pa 

system and its position in stratigraphic gi 

Amer. Acad- Arts and Scieitces, new serii 

Cambridge, 1885), are that the Taconic sy 

al! the strata in which the primordial faunas 

faunas are three in number. The Infra-Pri 

Taconic, the Primordial or Middle Tacon 

Primordial or Upper Taconic. In the sami 

there is a ''Tabular view of the Taconic i 

North America," in which I have tried to 

column the Taconic series of the lake Chan: 

mont, Canada and New York) and of the e 

the Atlantic {Newfoundland, New Brunswii 

It is condensed below as follows i 

^iinm- (Pot8''am group, 
supra JswantonBJatPB. 



Primordifcl. ' 



I ■jSwanton sJatee. 

(Phillips burgh or Pointe LiSvis gro 
(Georgia slates or OUneltitt (EllipU 
Primordial. -jSt. Jolin or Acaiiian group, 

(ArgillitesotBraintreeHn'i St. Mary 
Infra- \Eophylon Bandjttone of Great Bell 
Primordial. }Agpidella and ArtnicotiUi elates o{ 
Four years later I called the' attention c 
existence of "an uninterrupted sea" extent 
navia to eastern Newfoundland, and that "t 
time, an arctic continent existed from the I 
to Scotland, Greenland and Labrador, and i 
equatorial continent by a narrow region, sc 
the isthmus of Darien or Panama, which c 
nent of North America with the continent < 
That Taconic isthmus formed the barrier hi 
and Pacific oceans of that remote period oft 
adian geological classification for the pro 
extra from Proceed. Boston Soc Nat. Sisi 
and 76, Salem, 1889). 

I propose now to show more plainly the 
two oceans, limiting each one to a special 
explored bo as to allow a great separation bi 
series ; and &t the same time to give a mor 
viewof the strata which were deposited in t 
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and in the Nevado -Canadian seas. Those two names indicate, 
with more exactness, the extent of sea waters during the 
Taconic epoch, and are preferable to the nse of the Atlantic 
and Pacific oceans of that very remote period, because we are 
unable, in our present state of knowledge, to give any idea of 
their extent in any direction outside of the areas of Acadio- 
RuEsia and Nevado-Canada. I shall confine my remarks to 
the Lower and Middle Taconic, leaving the Upper Taconic for 
a special study, 

AcADio-RussiAN Lower and Middle Taconic- — In the Aca- 
dio-Russian sea we have the following formations distributed 
at special and rather isolated points, as mere patches and . 
remains of vast formations concealed since by the strata gf all 
the systems which have been deposited since the Taconic 
period. 

TabuXaT view of Ote Lower and Middle Taconic of the Aeadio- 
Rutiian tea. 

IV. Bohemian formation or Paradoiidei zone. 

III. Scandinavian formation or Hotmia Jione. 

11. EHthoiiian formatiou or Schmidliti gone. 

I. Newfoundland! an formation.— No trilobite found yet. 

I. Newfoundlandian formation. — It would have been 
better to use the name Terranovian, but Mr. T. Sterry Hunt 
has called in his chemical classification of the crystalline 
rocks, a certain class of them • Terranovian, it is true without 
any very definite value as regards superposition, relative age 
or even lithologicftl characters, but which may create confu- 
sion. More recently Mr. C. D) Walcott has used the name 
Terra Nova division for the strata of a part of the peninsula 
of Avalon in Newfoundland, which he has erroneously syn- 
chronized with the Georgia slates of Vermont. ("Position of 
the Olenellus fauna, etc," Amer. Jr. Sci., vol. xxx\^I, p. 383, 
1889), In order to prevent all confusions and claims of prior- 
ity, and desirous also to maintain in classification the name 
of a country so eminently well fitted to be remembered, and 
which will become more and more the typical area of the 
Taconic system, I propose to use the name Newfoundlandian, 
in French Terreneuvien, for the first great group containing 
fossils at the base of the Taconic. 

Below the strata containing Paradoxides there exist in 
many places, sandstones, slates, quartzites and even limestone 
hands, sometimes rather thin, but often of great thickness, in 
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which fossils are extremely rare. Lately, in the Russian Baltic 
province of Esthonia, a well marked fauna — but still a very 
small one — has been found in the uppermost part of those 
strata, and in it the oldest trilobite yet known, not a Pdradoxi- 
des, but an old form allied to it. 

During the last forty years aunouiieement of (he dipcoveries 
of fossil remains — generally of doubtful nature — hap been 
made, in those inferior strata near their junction with the 
Primitive rocks. The specimens called Eosoon canafiense, 
thanks to the sensational character and desire of notoriety 
manifested by those interested in them, have rapidly become 
celebrated. In 1861, during a visit to the Museum of the 
Geological Survey of Canada at Montreal, the director, Logan, 
showed me a polished specimen of rock, asking my opinion. 
After looking at it carefully I said : "I do not see any organ- 
ism in it; send it to Delesse or any other distinguished lith- 
ologietifyou want an exact definition." Two years after I 
was rather surprised to see that Messrs. Dawson, Carpenter 
and Jones had made it out an organism, under the generic 
name of Eozoon. Directly Eozoon was signalized as existing 
in almost all the crystalline Primitive rocks of Europe and 
America. If truly organic, then we have found a fossil, not 
only in the oldest stratified beds of the Transition strata called 
until then Azoic, hut even among the Primitive formations. 
But King and Rowney in a well digested and very careful 
study, have demonstrated the non-organic character of the 
specimens, and Perry and Burbank in Massachusetts, and 
professor Mobius in Germany gave a final check to that much 
doubted discover j'. 

Dr. Emmons has described in his "Geological Report of the 
Midland counties of North Carolina," pp. 61-64, 1850, two 
specimens regarded by him as corals of a lenticular form, 
under the names : Paheotrochis major&nA minor. He found 
them in Montgomery county, North Carolina. The organic 
nature of those specimens has been contested; and although 
it is certainly less objectionable than for the Eozoon, it is best 
to wait for more careful studies before giving a final opinion. 

Obscure forms of supposed fucoidea and burrows of marine 
worms called AremcoUtes &nd Scolerites, have been signalized 
and described in those inferior beds of the Transition period 
in Bohemia, Scandinavia, Great Britain, Portugal, Spain, New- 
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foundland, etc. But until now the only specimen of an 
organic structure certain and indisputable is the Atpidella 
terranoviaa Billings, compared to a email Chiton or Patella, 
flattened by presBure. It was found in 1866 by A. Murray 
near St. John's, the capital city of Newfoundland, in the slates 
called in 1843 by Jukes : "St. John's slate," and placed by him 
at the base of his "slate formation." Murray and Howley call 
them: "Atpidella Blatee" of the Huronian rocks ("Report 
Geol Surv. Newfoundland for the year 1881, appendix, pp. 
2-3, St. John's 1882; and "On some fossils from the Primor- 
dial rocks of Newfoundland" by E. Billings, iu Canadian 
Naturalist, vol. vi, p. 478, July, 1872). 

If we consider the column of Primordial strata, published 
by the geological sur\'ey of Newfoundland in 1870, all the 
strata below divisions m and I in which Paradoxides ot more 
exactly Holtnia, make their apparition, we have in divisions 
k, j. i, A, fj and / a group of strata with ArchcBocyatkus, 
fucoids and annelid { AreniooUtes) tracks, which very likely 
is the equivalent and homotazis of the following formation, 
called II. Esthonian formation of the gulf of Finland, in which 
we may expect to find in Newfoundland one day or another 
the small fauna of the vicinity of Reval (Russia). Below, in 
divisions e, d, c, b and a of the column of the Newfoundland 
Primordial strata, 1,500 feet thick, composed mainly of sand- 
stone, quartzites and slates, we have a great group in Trinity 
bay, which seems to be represented round St. John's by the 
conglomerates, Signal Hill sandstone, and Aspidella slates,. 
and the whole constitute the most inferior part of the Lower 
Taconic of Newfoundland, which I think it is proper to call 
Newfoundlandian ( Terreneuvien in French) formation. Until 
now that formation has not yet furnished any certain fossil 
organism except Aspidella. No trilobite has been discovered 
yet, although they will probably be ferreted out some day. 

The Newfoundlandian formation constitutes the base of the 
Taconic system, and with the following great division, the 
Esthonian, they form together the Infra-Primordial fauna 
existing on our globe. 

II. Esthonian formation. — A Russian geologist, the engi- 
neer A. Mickwitz, discovered in 1886 some primordial fossn 
at two different spots near Reval in Esthonia, (close by i 
shore? of the gulf of Finland); and a year later, in 1887, 1 
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found good fragments of a trilobite of the Paradoxidean type. 
He placed fosailB and sections nith all his notes id the hands 
of professor F. Schmidt, a fellow of the Imperial Academy of 
St. Petersburg, who read a most interesting paper before that 
academy, the 16th February, 1888, under the title ; "Ueber 
eine neiientdeckte untercambrische fauna in Estland." Mem. 
Acad. Imp. Sciences. St. Petershour^, vii serie, tome xxxvi. No. 
2). Later on, in November 18S8, professor F. Schmidt read 
another paper r "Weitere Beitriige zur Kenntniss dee Olenellut 
mickwitsi" (Bulletin Acad. Imp. Sciences, St. Peterabourg, 
tome xxxin, p. 191). 

The resume of the disco veries of both Mickwitz and Schmidt 
is : that below the "Fucoid sandstone" of Sweden, recognized 
without any possible doubt near Reval, there exists at Striet- 
berg a series of blue clay with subordinate layers of sandstone 
six hundred feet thick, resting on the Finland granite. In the 
upper l>edH of the blue clay the following fossils have been 
found : Olenellns mickwHsi, Scenella discinoidet, Soen.f 
iuberculata, Mtckwitsia monilifera, Obolellaf Disdnaf 
Volborthella tenuis, Platysolenites antigutssimus, Medusites 
lindstroemi, Primitia? and pTaena tenella. All the forms of 
these fossils ate very old ; and a study of the two plates which 
accompany the important memoir of professor Schmidt im- 
presKes the idea that we have there the oldest fauna yet 
found. It is not that no other fossil exists, and that we do 
not possess already a few traces of fossil remains found below 
the Esthonian as wo have seen previously in the Newfound- 
landian ; but it is a fact that until now no collection of a cer- 
tain number of fossils, aufiiciently numerous to be called a 
fauna, has been found, as old as the Esthonian fauna of Russia. 
Several of the forme of these fossils, more especially the only 
trilobite found, which ie the oldest trilobite so far known in 
the world, indicate that something older must exist, and that 
one day more fossil animals will be found at a lower stage 
than the Esthonian formation, in theNewfoundlandian strata. 

In regard to the trilobites, justly regarded as the most im- 
portant and useful family of fossils for the Paltcozoic series, 
as the Cephalopoda are for the Mesozoic series, the two most 
primitive forms, with the simplest organization, are Agnostns 
and Microdiscus which have not yet been found in the Infra- 
Primordial fauna or Lower Taconic. 
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Professor Schmidt in hie excellent and very carefully made 
description of the Eathonian trilobite has called attention to 
its close affiliation with Paradoxides, Olenellug {Ellipto- 
cephalus)i Olenoides and Meaonacis, all genera of true Prim- 
ordial types, revolving round the great Paradoxidean type, so 
well characterized by Barrande. ElUptocepkalus ( Olenellua), 
Olenoides and Mesonaaia are all sub-genera created at the 
expense and as off-Bhoots of the great genus Paradoxidea ; 
for it is worthy of remark, that at first, when found in frag- 
ments — as is invariably the case — all the triiobites, which are 
referred now to Olenellua {£lliptocephalua), Olenoides and 
Mesonacia were regarded as fragments of Paradoxidea. 

The name Olenellus, so extensively used lately, is as im- 
proper, as it is incorrectly applied. Barrande and Matthew 
have shown that the triiobites referred to Olenua and 
afterward to Olenellua by James Hall, have more 
affinities with and are closely allied to Paradoxidea, 
instead of being truly of Olenua forms- When right of prior- 
ity, regarded as an immutable law in every department of 
natural history, shall be applied also to Dr. Emmons' primor- 
dial fossils, described as far back as 1844, then, the name 
Olenellua, created only in 1862, will be suppressed and 
replaced by JSlliptoceplialua ; for Emmons not only saw that 
the first trilobite he found in his Taconic system was a new 
form, but he had the acumen to see its relation to /*(xradoa;- 
ides. ("Manual of Geology," p. 88, 18-j9, and second edition, 
p. 280, 1860), before Barrande pointed it out in his celebrated 
memoir of 1861 {"Documents ancients etnouveaux sur la faune 
primordiale et le systfime Taconique en Amerique," pp. 273- 
277). On the contrary Mr. James Hall referred the triiobites 
of Bald mountain and Georgia in 1847 and 1869 first to Olenua, 
from which they differ greatly, and afterward in 1861 to £ar- 
randia, a succession of errors rare in palaeontology, not to 
speak of the stratigraphic error of placing the primordial 
fauna above the second fauna, which is even more glaring. 
That the priority of Emmons' name will be recognized, is only 
aquestionof time. Without knowing the existence of the 
genus Ellipaocephalua, he, with his great palseontological 
acumen, recognized in the Bald mountain trilobite a general 
form, which has been shown since to be characteristic of the 
Primordial fauna, and he called it Elliptocephalua ; as he 
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says : "the name, from its similarity, is no doubt objectionable, 
but I am dispoBed to retain it for the present." (■'American 
Geology," p. 114, Albany, 1855). So, until an understanding 
is reached among palffiontologists to replace Emmons' original 
name by another which shall be acceptable to the memory' 
and respect duo to the diacoverer, it is best to use Emmons 
name of Slliptocephalua as he expressed it. 

In the case of the trilobite of Kunda and Strietberg near 
Reval, it is not an Elliptocephalus ( Olenellus) of the Georgia 
typical iarra.Elliptocephalu8( Olenellus)t/iompsoni,Qn account 
of its pygidium totally different, its head remarkably large 
and elongated ; and finally the thorax also presents great 
differences in the lobes, and in the existence in the middle of 
the thorax of spines (like the genua Holtnia), one of which 
on the eighth articulation, is a spade-like form or lelson, tres- 
passing over the pygidium, and having a. length as great as 
the elongated head. In reality this trilobite possesses generic 
differences and constitutes a new sub-genus, closely allied to 
I'aradoxides, and in which may be included Ifesonacis ver- 
montana and Olenoides typicalis, the latter being an extreme 
degenerate form of the type. I propose to call it Schmidtia, 
in honor of professor F. Schmidt. 

I shall call the group of strata found at the two places in 
the vicinity of Reval, £«iAoraia?i fovmationoT Schmidtia zone; 
a new group not yet found anywhere else, so far as fossil 
animals are concerned, and which is placed at the top or upper- 
most part of the Lower Taconic or Infra-Primordial. It cor- 
responds st rat igraphic ally with the Eophyion sandstone of 
Sweden, the "Sparagmite stage" of Norway, and the beds 
below division m of the Newfoundland column of lower 
palaBozoic strata, in Conception bay. 

As a r^sum^, of the Infra- Primordial, the first great group 
or Newfoundland! an formation contains, so far, only one cer- 
tain species of fossil, the Aspidella terranovica with indica- 
tions of remains called Ar en icoliiea, (ucoidcs and Archceocy- 
alhus, more or less problematic ; and the second great group 
or Esthonian formation contains eleven species, making for 
the whole of the Infra-Primordial fauna only twelve fossils. 

III. Scandinavia:) vormatios. ^Sweden and Norway. — We 
come now to the Middle Taconic, the Magnesian and Black 
slates {a and e) of Emmons, the Regio ii Olenorum=A of 
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Angelin, the dineion c, or the true Primordial fauna of 
Barrande. 

Dr. A. G, Nathorst, when exploring the celebrated locality 
of Andrarum, in Scania, in 1868 and 1869, found below, what 
was then considered the oldest Paradoxtdes beds, or Regio A 
of Angelin, another trilobitic zone or group of strata contain- 
ing a Paradoxide8-\\\LG form, an EUipsocepkalus, an Arion- 
ellus and a Lingula. Professor 0, M. Torell, director of the 
geological survey of Sweden, named the Paradoxidea-like, 
Paradoxides walhenbergi and at the same time he named the 
beds: "iha Paradoxides vyalhenhergi^iTaXa,;" h\ii he did not 
give any description or figure of the Paradoxides. 

In 1870 Linnarsson discovered in Norway, near lake Mcesen, 
the same lower horizon of the Primordial zone, naming and 
figuring the Paradoxides-\i^e form, Paradoxides kjeruM; 
("Om nogra foeisteninger fraon Sveriges och Norges Primor- 
dialzon," 1871). My lamented friend the late profeBsor 
Kjerulfin his "Sparagenitf jeldet," published in 1872, gives 
also good drawings of that trilobite under the name Paradox- 
ides kjerul/i. In 1876 Linnarsson recognized that the Par- 
adoxides kjerulH. was identical with Paradoxides toalkenbergi 
of Torell. The celebrated geologist and palceontologist, pro- 
fessor W. C. Brogger, when working under the direction of his 
teacher, professor Kjerulf, on the geological survey of Norway, 
recognized during the summer of 1877, an excellent station of 
that older horizon of the Paradoxides zone at the station of 
Krekling, northeast of ChriBtiania, and he published in 1878, 
in Nyi Magasin for JVaturvidenskalume,tQme XXIV, IjChns- 
tiania, a most important and interesting paper entitled : "Om 
Paradoxides skifrene ved Krekling," In it professor Brcegger 
changed the reference by Torell and Linnaraeon of ParaiUx- 
ides, into the genus Olenellus Hall, and he called that tril- 
obite first discovered by professor Nathorst Olenell-as hjerulH. 
Brwgger does not give any figure, but refers to the drawinge 
of Linnarsson, Kjerulf and Angelin. 

When professor Brcegger made this reference there was not 
a single complete and well preserved Elliptocephalus [ Olen- 
ellus) figured and described. He took for the type of Olenellus 
the figure given by Mr. J. Hall, in February, 1861, in hie sec- 
ond edition of his "Note upon the trilobites of the shales of 
the Quebec group in the town of Georgia, Vermont" ( Thir- 
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teenth Ann. Rep. State Cabinet Nat. Rial, of New York, 
A]bany|March,1861), whichat p.ll3,UQderthename Barran- 
dia thompaani, gives a figure,' most inexact in many important 
genetic points, of the already celebrated Georgia trilobite. The 
head, thorax, and more especially the pygidium figured and 
described by Mr. Hail are very defective and misleading. So 
it is not astonishing that professor Brcegger made tbe mistake 
of referring the Scandinavian trilobite of Nathorst, Linnarsson 
and Kjerulf to Olenellus {Elliptocephalva). 

As far back as 1862, in one of my numerous visits to Geor- 
gia, I found a complete specimen of tbe eo-called Olenus, 
Barrandia and Olenellus thompsoni^ but by some mischance 
my specimen was not figured and described until February, 
1884, by Mr. R. P. Whitfield in the Bulletin Amer. Muaeum 
Nat. Hist. vol. I, No. 5, plate xv, fig, 1, and p. 151, New York, 
Mr. Whitfield corrected the description and figure of Mr. Hall 
to such an extent as to make almost not only a new species, 
but also a new genus. The remarkable length of the pygidium, 
or rather caudal spine, as he says, is "a generic distinction." 
If professor Brcegger had seen that figure and description of 
Mr. Whitfield, he would not have referred his Scandinavian 
trilobite to Olenellua. It was reserved to Dr. Gerhard Holm, 
to give in 1887, a most elaborate and truly reliable description 
and figure of the Scandinavian type of that contested trilobite, 
first placed in Paradoxides and afterward in Olenellua. In 
his paper "Om Olenellus irjemlA," Dr. Holm shows generic 
distinctions; more especially for the pygidium, which is as 
nearly aa possible a Paradoxides pygidium, and completely 
different from the spare-like or telson pygidium of Olenellua; 
also thoracic difl^erences ; and finally the "growing together 
of the cheeks with the middle part of the head and the peculiar 
elongation of the suture." A study of Dr. Holm's excellent 
figures and description lead forcibly to the opinion that 
Olenellua iJerulA is not an Olenellua (Elliptocephalua) at 
all, but a new genus intermediate between Paradoxides and 
Elliptocephalua, more closely related to Paradoxides, its 
most immediate successor in chronological order, on account 
of the pygidium ; and I fully concur with Mr. G. F, Matthew 
who had proposed to use the name of Dr. Holm for the new 

'The d)^ire was drawa from more or less fragmentary apecimrne. 
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genus ;° and in future I shall call it Jlolmia, and the species 
under consideration Holmia kjerul^. 

Linnarason gave in 1876, ("On the Brachiopoda of the Par- 
adoxides beds of Sweden, at p. 7), a classification and nomen- 
clature of the Paradoxidea beds of Sweden, in which he rec- 
ognized at least six divisions ; each one containing its peculiar 
fossils. 

These groups or palseontologica! horizons are arranged as 
follows, in descending order : 

6. Strata with Agnoslu* lavigatm. 

5, id id PaTadox%de% forchammeri. 

4. id id Paradoxidet teelandicut. 

3, id id Paradoxidei davidU. 

2. id id Paradoxidet ieitini. 

1, id id Paradoxidet kjerulfi. 

Professor Brcegger, in 1878, refers all the Paradoxidea beds 
of Norway to three divisions which he calls in descending 
order ; 

Etage Id. Krekling 'x'llhParadoxides forchammeri. 

Etage Ic. Krekling with Paradoxidet ttiiini. 

Etage lb. Riogeaker and Kletten with Olentllui (Paradoxidet) l^ervlfi. 

The special generic form of Holmia (called Paradoxidea 
and Olenellua kjerulfi.) found in Etage lb in Norway and in 
division 1 strata with Paradoxidea kjerulii,in Sweden, coupled 
with the great importance accorded lately to that subdivision 
of the Scandinavian Middle Taconic, leads me to propose the 
name Scandinavian group or Holmia zone for it. 

Besides the characteristic Holmia kjervXH, other fossils 
have been found ; and professor Bro^gger in his paper of 1878 
quotes : Arionellua prim.(BVua, Ololvat Diacinaf Aorothelef 
and Hyolitea- Dr. Holm adds to this Hat for Sweden : Ellip- 
aocephalua nordenskioldi, Metoptoma and Lingulellat 
nathorsti. 

So far, only four localities of the Scandinavian group have 
been found in the Baltic region; the first one near Andearum 
in Scania (Sweden), two near Krekling in Norway, and the 
last one in southern Lapland, on the river Umea. Found 
only in 1885 by Mr. E, Moersell, the primordial fauna of Lapland 
has not yet been published ; it contains not only the Holmia 
zone, but also the Paradoxidea zone. Dr. Holm wrote me 
n Acadia" (Canadian 
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lately that during this winter he will issue amemoir, in which 
he will describe all the material he has collected for several 
yetirs, having the kindness to send me a map, on which he 
has localized not only the Lapland area, of Taconie outcrops, 
but also all the other patches of Scandinavia and Esthonia. 

British-Scandinavian formation. Until now, in Europe, 
the only other locality where the Scandinavian group has been 
found, is in Great Britain, where lately, 1888, professor C. 
Lapworth has signalized its existence on the Banks of Caer 
Caradoc (Shropshire). Beeidea an Jlolmia { Olenellus) which 
he has previously named callavei, professor Lapworth quotes 
the following fossils : Kutorgina, Mickwitzia? a.iiA Aci'otkele. 
The sandstones and calcareous beds containing those fossils 
are succeeded irregularly by the Lower Tremadoc strata. ("On 
the discovery of the Olenellus fauna in the Lower Cambrian 
rocks of Britain," in Oeol. Magazine, Nov. 1888, pp. 484-487, 
and reprinted in Nature, Dec. 27, 1888). 

From the dates it follows that English geologists many 
years after the discoveries of Messrs, Nathorst, Linnarason, 
Broeggcr and Holm, have at last found the Holmia sone, just 
as they found only many years after Barrande's discovery 
of the Paradoa-.ides zone in Bohemia, the Paradoxideg beds of 
St. David ; and of course, many years after Dr. Emmon's great 
discovery of a special fauna in his Taconie system. It is only 
just to insist on the date of discoveries in everything which 
partakes of the Primordial, because British geologists have 
assumed the naming and classifying of all the strata below 
the Carboniferous systeru, as belonging to them, without any 
regard to priority of discoveries by other nations and other 
geologists.' 

Newfoundland'' s Scandinavian formation. — Outside of 
Europe, in the same Acadio- Russian sea, on the edge of the 
terra Urma of the Taconie period, another patch of Scandina- 
vian group or Holmia zone, has been recognized in Concep- 
tion bay, eastern Newfoundland. 

'"M. Geikie: La queBtion de la claeaiflcation des roclies eambri- 
ennes et siiuriennes eat avant tout une question anglaise" {Congrli 
ffeologique intiTnalional, Berlin, 1885, p. lxkxii ; and also in Report of 
Procttd. International Geological CongreiB, by P. Frazer, p. 24, Phil- 
adelphia, 1885, where we read: "Dr. A. Geikie proposed that the 
congrBHa jraetpone the subject of sub-dividing the Cambrian and 
Silurian until the meetinK in England ; on the ground that the Silarian 
question was mainly an Engl iah question. (Loud n " " 
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Let UB Bay at first that the whole region of the island of 
NewfouQdland Ib the most important for the Taconic Byetem, 
all the world over. The very name of Terra nova seems to 
be ironical, for on the whole earth there is not so large an 
area as old and entirely formed of the most antiquated strata 
which were ever deposited on our globe. 

The southeastern part, from Bonavista bay to St. John's 
and Fortune bay, with its many profound bays or Qords, its 
numerous settlements, its railroad cuttings, offers the most 
splendid field for researches. There are the best and most 
complete series of strata containing the Infra-Primordial, the 
Primordial and the Supra-Primordial faunas. 

As far back as 183940, when the Palteozoic rocks were 
almost unknown, so far as classifications and paleeontofogy 
are concerned, my lamented friend, the late J, Beete JukeB, 
made a first reconnoissance of Newfoundland, and classified 
all that we know now as Lower, Middle and Upper Taoonic, 
into two great slate formations, called Lower and Upper Slate 
formations. ("General Report of the Geological Survey of 
Newfoundland," London, 1843). No fossil was found by 
Jukes ; and his elassification— only very general, without any 
details — is entirely based on Btratigraphieal principles. 

In 1859, the first fossil found in the whole island was sent 
to profcBBor Salter, in London, who described it under the 
name of Paradoxides benneltii, showing the existence at 
Branch on the western side of St. Mary's bay, of the Primor- 
dial fauna of Barrande. In the year 18G4, a new geological 
survey was begun by Alexander Murray, who soon took for 
his assistant Mr. James P. Howley, an excellent practical 
observer, who has done all the difficult work of stratigraphy 
and classification of the rocks in Newfoundland. Mr. Howley 
has not only surveyed and published the geological maps of 
Conception hay and Brigus bay, where are all the super-posi- 
tions and corrugations of the Taconic system of Boutheastern 
Newfoundland ("Section Map near Brigus," 1881, and "Penin- 
sula of Avalon," 1881) ; but to him is due the detailed geolog- 
ical section of Conception bay, p. 27 of the Annual Beport for 
1868 ; and what is more important the "Column of Primordial 
strata," published in the Annual Report for the year 1870, 
. pp. 36, 37, 38 and 39, with a diagram. 

In that column, which Mr. Howley had the great kindness 
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to Bend me lately, with many manuscript notes to make it 
more clear, the division n contains all the Paradoxides beds ; 
and below that great formation, Mr. Howley has found in his 
division m, which he calls Top-Sail Head, a special fauna, 
composed according to BilUngs and Mr. Matthew of the fol- 
lowing species : Paradoxides? Solenopleura hoiiibifrona, 
Ptychoparia, Agravlos strenuua, Stenotkeca paupera, 
Iphidea, Straparollina? and Hyolitea micmac. All those 
fossils belong to old forms, which can be easily compared 
with the fauna of the Scandinavian formation of Norway, 
Sweden and Britain. 

Both Bilhngs and Matthew, with their great knowledge of 
primordial trilobites, and Howley with his long practical 
experience in the field^ — three excellent judges — have referred 
the most important trilobite found in the "Top Sail Head 
division," or "horizon of Affvaulos atren-aua" as it is called by 
Mr. Matthew, to a primitive form of the Paradoxides family, 
and even Mr. Matthew goes so far as to point out its- resem- 
blance to Paradoxides (Holmia) kjerul^ ("On theCambriaa 
fauna of Cape Breton and Newfoundland, May, 1886, in Trans. 
Roy. Soc. Canada, p. 148). Billings in 1870 called it a "sup- 
posed Paradoxides." As all three know perfectly well the 
typical Olenellus (Eltipiooephalus) thompsoni of Georgia, 
Belle Isle strait and Canada, and that instead of referring the 
fragment of trilobite of Top Sail Head to Olenellus, they were 
lead to compare it with a Paradoxides, is a strong proof of 
their acumen and great knowledge of the Paradozidean 
forms. And to them is due not only the exact stratigraphic 
position of the strata, which in Newfoundland correspond to 
and are the exact equivalent of the Scandinavian group, but 
also the comparison and synchronism of the principal and 
most characteristic trilobite found there, with the Molmia 
kJeruU of Norway and Scania. So that, since 1868, 1870 and 
1886, thanks to the researches and discoveries of Messrs. 
Howley, Billings and Matthew, we know that in Newfound- 
land exists a group with a special fauna below the great Par- 
adoxides zone, which corresponds harmoniously with the 
Solmia {Paradoxides) kjerulU'bQ&a of Scandinavia. In 1888 
Mr. Walcott visited, in Conception bay, the localities so long 
described and well classified by Mr. Howley ; and as he is a 
very remarkable fossil finder, he succeeded in collecting a 
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certain number of specimens at the old well known localitie 
of Top Sail Head, Brigus Head and Manuel's brook. Here i 
the list for the division m, or "Top Sail Head gionp, or hori 
zon of Agraulos atrenwus:" Obolella atlantica, Kutorgin 
lahradorica, Scenella reiiculata,Stenot/iecarvffosa andseveis 
varieties, Hyolitellua micans, Hyalites princeps, Platycera 
primcEvum, a Gasteropod, Miorodiscus speciosus and tw 
other species, Olenellut brcefffferi new species, Avaloni 
manuelensia n. gen., n. sp., Ptychoparia, Solenopleura BotT' 
hifrons and another species, Agraulos strenuus and varietiei 
All those foasils belong to forma related to the fauna of th 
Scandinavian group of Scania, Lapland, Norway and Britaii 
I shall call attention to two points only ; the absence in Nev 
foundland ae well as in Europe of the genus Agnostua, an 
the presence of a Paradoxidean form called Paradoxidet b 
Bittings, Matthew and Howley, and Olenelhia by Mr. Walcot 
Until now Mr. Walcott has not published a description wit 
figure of his Olenellus hrmggeri, so it is impossible to contn 
in any way his reference of that new trilobite to the genu 
Olenellus (Elliptocephalua). But after the thorough researche 
of Dr. Holm, on the Olenellus kjemlii, it is presumable thi 
the Conception bay trilobite, like the Scandinavian species i 
not a true Olenellus and belongs to Holmia. 

If Mr. Walcott had contented himself with his collection t 
fossils, which is certainly important and valuable, he woul 
have rendered a true service to our knowledge of the prime: 
dial fauna of Newfoundland ; but unhappily he had gone int 
an attempt to synchronize the strata of Newfoundland wit 
those of Vermont, eastern New York, Massachusetts, Ganad 
and the Rocky mountains, which is most confusing and t 
variance with facts. The fauna of the Scandinavian grouf 
of Conception bay, is entirely different from the fauna of th 
Gteorgia group of Vermont, Canada, Western Newfoundlan 
and Belle Isle strait. At Conception bay, all the forms foun 
in Division m, Top Sail Head, Brigus and No. 2 of Manuel 
Brook section, belong to older forms than the fossils i 
Georgia, Bic Harbor, etc. ; and without entering into details, 
shall confine my remarks to the trilobites called Olenelh 
brwfft/eri, and Olenellus thompsoni. All the trilobites ( 
Scandianavia and Esthonia referred to Olenellits, do not belon 
to that genus, and as Mr. Walcott regards the Esthonia 



c\ 



b,Google 



Lower and Middle Taconic — jVar. 

Schmidlia mickwitzi and the Scandinavian 
as true Olenelli of the original typical fori 
to be Buppoeed that his Olenellus bragged 
Olenellus than the trilobite of Mickwitz an 
Kjerulf. 

The whole aynchronism of the Esthonian j 
formationa with the Georgia formation is base 
ing to Mr. Walcott'B views, on the genus C 
is certain that trilobites have been placed in 
truly belong to other genera, and we are leai: 
a too hasty generalization has been given bj 
and Lapworth in their three papers entitled 
SuccesBion of the Cambrian Faunas in 
{Nature, Oct. 4, 1888) ; "On the Discoverj 
Fauna in the Lower Cambrian Roclcs of 
MagaZ; Nov., 1888 reprinted in H^ature, D. 
"St rati graphic Position of the Olenellus Faui 
ica and Europe" {Amer. Jr. Sc, May and Ji 
we read the following paragraphs : I. "Thel 
Walcott). . . puts an end to a controversy 1 
and American Geologists, and brings into 
quence and paleeontology of the Cambrian 
sides of the Atlantic." 2. "It affords mc (M 
ure to recognize the work of the Swedish | 
fully coincide with their results, and thus S 
the two continents the true order of succesi 
known Paleozoic fauna." 3. "The relative pc 
die and Lower Cambrian faunas is now char 
ican scheme of classification, the Paradoxi 
moved to the Middle, and the Olenellus Z' 
division." 4. In all my (Mr. Walcott) pr 
term Middle Cambrian is to be changed to 
' and Lower Cambrian to Middle Cambrian." 
chasm-croisc of Mr. Walcott, and a too hasty 
Mr. Lapworth, based on erroneous interpreti 
era, and not only a total want of stratigi 
against the stratigraphy of the typical localit 
Bald mountain. 

The truth is, that Mr. Walcott made a fir 
jecting Murray and Howley's observations o 
of Newfoundland in his "Second contributio 



Digitized byGOC^Ie 



872 Th". Arr-t.'kaa GtoUytiit. t^a^,vs» 

founait of North Amtrii^a," p. 40, WaAMngton. 1>S6, saying 
thai their placing the •'Top Sail Head atrata" bcDeatb the Par- 
iphtJivleii be'ls, was "without paleontologic and stratigraphic 
evi'l*:ncft," and now he proposes to replace that exploded mis- 
taki;, \ij a Hecond and greater one if possible, in STnchronizing 
tb«.' Olenellus ^una of Georgia and of the Rocky Mountain 
legion with ihe Holjnia {Olenellus?) hraggerii&Ma&otlap 
Sail \\<:',ii\, BrifruH and Manuel's brook, 

Mr, Walcott'fl proposition to place' the uppermost part of 
the Middle Taconic, which is the position truly occupied by 
the Georgia formation, below the Paradoxidet zone and regard 
it as the lowest part of the Middle Taconic, which he calls 
Lower Cambrian, is not acceptable, for it is incorrect. Be- 
flidoH Mr. Walcott totally ignores the true Lower Taconic with 
jtH two great formations, the Esthonian and the Newfound- 
Ian di an. 

It is regrettable to see stich an eziraordinary change ia 
American claeeification, made in such a summary way, from 
publiciitions issued officially by the United States Geological 
Survey in its Bulletins ; and what is still more strange is that 
the pretended correction is an error, for the Paradoxidea beds 
of Braintree, St. Mary's bay and St. John (New Brunswick) 
are older than the Olevellus (ElHptocepkalus) beds of Bald 
niountiiin, Georgia, Bic Harbor, Eureka, etc. The most which 
can bo said, is that the Georgia formation may be contempor- 
aneous and homotaxial with the uppermost beds of the Para- 
doxides beds. Such a transfer of a great group of a 3rd 
order of the Primordial fauna, is not so bad and confusing as 
the transfor of the whole Primordial fauna above the second 
fauna, as was advocated and maintained so long and with such 
force hy Messrs. Hall, Logan and Dana. But it is no less to 
be rojiretted, and the list published by Mr. Walcott, pp. 388- 
i^S'^ {he. cit.) in wluch he puts together all the fossils of 
the Georgia formation with those of the Scandinavian 
furmntion is very confusing, for in this list there are forms of 
fossil animals which have never Uved together, all mixed 
without reganl to tlioic sfrotigraphic record. That list pre- 
sents a formidable front of 55 genera and 127 species for tb« 
American fa\uia of the Scandinavian formation, when i 
truth the number of spedes and varieties is aboat 25 or 30 i 
most. In due time the number of 50 species may be reacbm 
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it will take many years for it. As a resume of the infe 
. of the true Primordial fauna or fauna of the Sea 
tan formation, we have a total of 17 species for Europe 
t 30 for Newfoundland ; in all 47 species. 
L Bohemian formation or Paradoxides Zone. — The 
lis special to this zone were found by Dr. Emmons, 
lished by him as far back as 1844. They were two t 
3 Atops trilineatua and ElUplocepkala anaphoidcs found i 
1 mountain in eastern New York. To the great credit of 
[nons he saw that the few fossils which he was abli 
ler, were special and characteristic of the series of sti 
;h ho called Taconic System, below the Lower Siluriai 
■chison, or Cambrian of Sedgwick. Barrahde, will 
wing the discovery of Emmons, described in 1846, the 
dial fauna of Bohemia, showing its complete independi 
its absolute dififerencc from the second fauna. (Nc 
iminaire sur le systeme Silurien et Ics trilobites de 
le", pp. 8-22, Leipzic). 

B Boon as Barrande was able to nonsuit Emmons' publ 
B, which did not reach him until 1860, he at once re 
;ed the priority of the discovery of Emmons, and es 
id on the most solid basis, the just claim of America 
honor of naming the great series of strata below the 
fauna or Cbamplain system, called Lower Silurian sya 
Ingland by Murchison and Cambrian system by SedgTi 
istice and honesty are in favor of using in the gen 
Bification of the world, the name Taconic system, : 
t also to recognize that Barrande is the first who gave t 
value to the fossil remains existing in that great spt 
em, calling them, primordial fauna, and that his stu 
loheroia, truly created the primordial fauna. Barrand' 
irst of all showed the great value of the genus Paradox 
scognizing the existence of his primordial fauna, and 
lently wo are justified in consecrating the name Bohci 
lalion or Paradoxides zone, to designate that great andj 
1 division of the Middle Taconic, in honor of Barrande 
splendid discoveries and work on the fauna of Ginetz 

okeniia. — After many years of very careful researches, 
le found only 40 species of Primordial fossils at Skrey 
etz,the only two fossiliferous localities of the Bohemiaa bt 
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The majority and most conapicuoua of those fossil 
bites to the number of 27 species : 12 Paradoxidi 
cephalites, 2 Hydrocephalus, 2 Ellipsocephalus, 1 Artor 
and 5 Agnostua. Besides, Barrande quotes 5 Hyolite 
a Dkcina, one Orlhie, 4 Trochocygtitea and three um 
forms. The prevalence of /'aradoxirfea led Barrandeto 
genus an importance of the first order in claesifyinj 
Paleozoic strata ; and since his numerous publicati< 
primordial fauna and more especially his splendid 
valuable work "Le syat^me Silurien du basin de 1 
all the trilobitea having Paradoxidean forms and co 
allied more or less closely to J^aradoxidet, have j 
regarded as the guide ; all the strata containing tl: 
■ ferred to the Taconic system or great primordial zo 
Sweden. — In this paper, we have given already 
fication of Linnarsson of 1876, for the Parado, 
of Sweden, divided into five groups, the upper one i 
. acterized by Agnontus Imvigatus and the four others ' 
acterized by Farad, forchamnieri, Farad, celandiciis, 
vidis and Farad, tcsshii. More recently, 1884, Measi 
and Nathorst in "Annexe explicative i la carte g(Sol< 
Suede," p. 21, Stockholm, give more details, and 
classified for Scania the "Schistes a Paradoxides" oi 
infMieur" of the primordial fauna system into ; 

a. Beds with Agnostus lievlgatuB. 

b, id id Paradoxides forchhammeri. 

c. id id AgnostuB lundgreni. 

A. id id Paradoxides davidia. 

e. id id Conocoryphe sequalis. 

f . id id AgnoBtus rex. 

g . id id id intermedi ua . 

h. id id MicrwUscos scanicuB. 

i . i d i d C onocorypheexsulanB. 

k, id id Agnoslus atavus. 

1. B^cci a limestone. 

m. Black altmiferous elatea. 
The last division n belongs to the Holmia kjen 
Scandinavian formation. According to Linnarsson 
mian formation or J^aradoxideg zone of Sweden, c 
species of Paradoxidcg,Ellipsocephalus muticus, three 
three Anomocare, three Lioatraciis. Delichomelop 
three Conocoryphe, four Solenopleura and twelve - 
HyoUlhus, 3 Orthis, 2 Lingulella, Obolus, Obolella, Acrotrela, 
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AcTOthele, Kulorgina, Iphidea and Protospongia. The Agnoa- 
i are very common in the upper bods of the formation, and the 
Orthia characterizes also the upper beds. 
[To be coQllnued.] 



CRYSTA LLOGEN BSIS. 

Uj Dr. H. HF.NSOLm. 

School of MlDfiB, Columbia College, Sev York. 

II. 

ilie crystals of the isometric system, which arc equi-axed, 
equi-expansive and singly refractive, are doubtless composed 
of particles which have experienced the least amount of com- 
pression, compatible with their symmetrical arrangement. 
They are either spherical orvery nearly so, and it is significant 
that of the twenty-two elementary bodies of which the crystal- 
line forms have been hitherto ascertained, no less than fifteen 
are referable to the isometric system. In the crystals of the 
tetragonal and hexagonal system the molecules are so com- 
pressed that structural differences are developed in two direc- 
tions, and in the forms of the remaining systems three direc- 
tions of structural variation have been similarly originated. 

That the double refraction of crystals is not inherent in the 
molecules, but is an acquired property, is obvious from the 
fact that in crystallized silica (Quartz, Amethyst, etc..) we 
have double refraction, while amorphous Silica (Flint, Opal, 
Tabasheer, etc.,) is singly refractive. If the molecules of water 
were identical in form with those of ice, they should also be 
endowed with the same properties, yet in ice we have double 
refraction, while water ia singly refractive. 

If we dissolve fifteen grains of Chloride of Sodium in an 
ounce of distilled water and allow a drop of this solution to 
evaporate slowly on a glass slide' under the microscope, we 
may learn, if we watch the process in its final stages with a 
"I'sth" objective of good definition — many of the secrets of crys- 
tal life. The commencement of the operation of crystalline 

'The slide should be previously cleaned with alcohol, and it is not 
advisable to accelerate the evaporating prooitHB by artificial meaiiB, 
Buch aa heating the slide over a spirit lamp. On the contrary, the 
slower the evaporation, the better the phenomena here rsferreil to are 
observ-ed. Weak aolutions give the best resulte, especially if the ei- 
perimenta are made in a cola room. 
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forces is always signalled by the sudden appearai 
previously clear and colorless 6eld, of innumerable d 
which in an incredibly short time, augment in vo 
diameter of perhaps sisth of a millimeter is reac 
then observed that the particles are spherical in c 
that their darkness is only an optical illusion, c; 
broad diffraction-ring, for in reality they are quiti 
ent. They are evenly distributed over the field, 
"growth" — a kind of spontaneous swelling, which ca 
ly followed^s uniform and simultaneous. 

Then a startling transformation-scene is witness^ 
eidoscope-eSect could be more marvelous. Th 
appear to become suddenly endowed with pol 
change their positions, roll about like billiard-bal 
direction, yet always in straight lines. For a n 
seems confusion, but, behold I some invisible "fit 
is asserting his authority, and in another instants 
first manifestation of a symmetry, destined to cu 
that perfect crystalline regularity, which has excite 
der of all ages. The globules, originally scattered i 
field, are now arranged in lines or rows, like so mi 
of beads. Some of these rows consist of only th; 
globules, in others we can count ten, fifteen, twen 
and it would seem as if each spherical body was i 
by a delicate film or pellicle, which prevents the dis 
the internal molecular forces. 

A series of rapid changes is now inaugurated, wh 
followed only with tho greatest difficulty, and of " 
almost impossible to give an intelligible account 
space here at our disposal. The globules in each 
sudden and simultaneous movement, unite and 
rods, and there are grounds for believing that this 
tion is due to the rupturing of the mysterious pellic 
to. That the globules are endowed with polarity ci 
moment be questioned, and — rep.soning from analc 
driven to the conclusion that the north pole of ont 
ed by the south pole of the other. A very close proxi 
therefore, terminate in a sudden rush and collisio 
a fraction of a second after the formation of the r< 
are of uniform thickness, however much they n 
length) we observe a general commotion among th 
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now appears to act as a separate bar-magnet, and while some 
unite at right angles, others range themselves, in close contact 
side by side, and form a symmetrical wall. Layer is piled on 
layer, each little rod falls mechanically into its proper place — 
no regiment of soldiers could "form up" with greater precision, 
and before wo have time to realize the etrangeness of the 
spectacle, the field is studded with little cubes of exquisite 
beauty. 

What we have seen here in an evaporating drop of chloride 
of sodium may be observed in any other saline substance 
which we allow to crystallize under the microscope, with the 
sole difference that the diameter of the globules and the form 
of the ultimate crystals vary according to the nature of the 
substances employed. That in the formation of minute spher- 
ical bodies we have the first visible manifestation of crystal- 
line activity, was announced as early as 1839 by H. F. Link' 
a German microacopist, who detected the globule in evapor- 
sting liquids, which ia surprising, considering the inferiority of 
objectives at that period. He expressed the opinion that they 
were hollow, but Vogelsang in his admirable work "Die Krys- 
talliten," published in 1875, clearly demonstrated their mas- 
sive character. This work — a masterpiece of careful observa- 
tion and originality — should be read and re-read by every pe- 
trographer, mineralogist, chemist, physicist, in short by every 
student of natural science. 

Vogelsang, in his experiments, employed a solution of sul- 
phur in bisulphide of carbon, which he mixed with a certain 
quantity of Canada balsam, in order to retard the crystallizing 
process. The mechanical resistance, offered by the viscous bal- 
sam, prevented the globulitea from moving about with their ac- 
customed alacrity .their evolutions could be slackened, acceler- 
ated or arrested at pleasure, so that it now became possible to 
observe every phase in that wonderful series of changes which 
lead from apparent chaos to extreme crystalline symmetry. 

We have abundant proof that the changes here described 
must occur in precisely the same order whenever a mollen min- 
eral substance slowly soUdifies, and in sections prepared from 
many vitreous rocks, such as obsidians, pitchstones, perlites, 
tachylitee, etc., we observe every species of molecular arrange- 
ment, from the primary globulitc to the complete crystal. 
. " "Ueber die erete Enstebung der Krj'stalle." 
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Obsidians, especially, furnish ua with the moat 
jects for studying the economy of cryetal life, 
an almost endless variety of intermediary fori 
perfect natural glasses, free from every trace of i 
here the cooling was too rapid to permit even tl: 
globulites. In others we have the field crowded 
bodies of uniform size, evidently globulites whi 
ed in their further development by the eolidi 
matrix. A third section shows the globulite 
lines, a fourth is characterized by the presence < 
number of hair-like rods, in a fifth the rods wei 
the point of uniting into planes of symmetry wl 
was interrupted, and as we extend our inquiry 
which solidified more leisurely we find a con 
ment record" of every step of crystalline activit 

Globulites and their various combination-pn 
BO be observed in comparatively coarse-grained 
rites, Porphyrites, etc. and their presence does n 
cate a vitreous condition of the matrix. It m' 
bered that rocks are usually of very heterog 
sition and that the fusion temperature of one 
differs considerably from that of another. Wh 
instance, will easily melt before the blowpipe, 
quired an enormous temperature, and some mir 
tically infusible. When an eruptive mass, a 1. 
of, say, six different molten minerals, begins to 
era] which requires the highest temperature in 
will be the first to solidify. While it already hi 
to more or lees regular crystals, the others are i 
to remain in a liquid or viscous condition, unt 
ture is sufficiently lowered to permit their con8( 
succession determined by their physical proper 

Now it may happen that after the individuali; 
al of the constituents of a cooling mass, the ten 
so rapidly that the remaining onea have no timt 
thus we find in thin sections prepared from eucl 
side with, or between perfectly developed crysta 
Amphibole or other easily recognizable mineral 
semi-vitreoua patches of interstitial matter, cro 
domorphs. What minerals they represent or w 
would ultimately have assumed, if allowed to 
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most cases impossible to determine, and even obserrers like 
Rosenbusch and Zirkel have recognized the hopelessness of 
the attempt by applying to these vitreous components such 
vague names as "undeveloped ground-mass," "amorphous ma- 
trix," interstitial paste, etc. 

We enter here upon a department of petrographical science 
which presenta much that is strange and mysterious. These 
incipient forms have been carefully studied by a number of 
able observers, but though a great deal has been written about 
them — from the time of Vogelsang's splendid monograph to 
recent treatises and devitrification-processes — we are still 
very much in the dark as to their real character. The mode 
of their origination is part of the great secret of crystal life, 
and when once we thoroughly understand the laws which gov- 
ern the formation of these remarkable bodies, one of the most 
important tasks of 'petrographical philosophy will be accom- 
plished. 



EDITORIAL COMMENT. 

The Philadelphia Meeting of the Intebnational Con- 
ORESS OF Geologists. 

The following official record of the history of the choice of 
Philadelphia, by the International Geological Congress as the 
place for the next meeting, and the subsequent attempt to sub- 
stitute Washington, is inserted in the view of an unfortunate 
misunderstanding which has recently developed. It is hoped 
that it will enable every reader to form ati independent opinion 
as to the nature of the considerations and influences brought 
to bear by the representatives of the 'United States GeologicaJ 
Survey, aw well as the actual facts regarding the willingness 
and ability of Philadelphia to properly entertain the congress, 
C. L. Herrice. 

Earl}' in 1885 the year of the last aeasion of the International Geolog- 
ical Congress a form of invitation waa signed by the greater number 
of large American inHtitutiona of learning and original research, asking 
the International Congresit of Geologists to fix the next after the Lon- 
don session in the United States. 

'Another form of invitation to hold its sessions in tlie city of Phila- 
delphia was signed by mayor Fitler, the heads of all tlie scientific and 
educational institutions in the cit; and its neighborhood ; the tJ. S, 
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placed in the hands of Dr. Pereifor Frazer, secretAry of the 
Committee of Nomenclature, for preeentation to the Congre 
proper order was necesenry, these invitations were preaeni 
Council of the Congress in the morning seseion, Wednesday 
1S88 together with an invitation to choose New York, which 
ed b^ a single citizen of that city. The following is a translal 
official action on thewe invitations. 

Prof. yon. ZillH warmly seconds this invitation as does 
Haucnecoroe, 8tur, Hunt, Capellini and Macfarlane. 

Prof- IlauclitKorne said that tlie great distance and the co: 
expenses of the voy^o which womd betheconBe<^uenceare( 
to prevent man* geologists (rom taking part in the seal 
United States. Re asks if it would be possible to procure i 
of the cost of transportation. He thought if it w*re possiblt 
facilities of this kind a ^eat number of his countrymen y. 
part in the Conicress at Philadelphia, 

Prof. Fraur thousbt that the cost of the transit across 
would be reduced to about one-half, because a similar redu 
made for the members of the British Association at the tim 
visit to America in 18S4. As to the excursion to the Rocky i 
to the mineral deposits of the south, and to the great lakes 
that tickets would be obtained from the railroads almost grs 

Dr. Sterry Hunt in seconding the invitation of Dr. Frazer 
in bis qualiCj' of president of Uie recejiiion committee of tl 
Association in Montreal in 1884, be knew that the different 
lines and railroads made very considerable reductions. 

Prof. von. Ziltel proposed the acceptance of the invitation c 
gresa to the United States, adding that the well known gen 
the Americans would make the visit easy. He was sure t 
geologists would make the journey and as alt the phenomeni 
are on a grand scale in America, it is almost necessary for e' 
gist to go and complete bis studies on that great continent- 
Pro/. Capellini having made a voyage to the United Statei 
ada in 1863 and having received so manj; marks of hospitalil 
supported the proposition of Prof. von. Zittel to accept the in 
the United Slates. 

Prof. HauckecoTW. also supported the motion and said I 
mining engineers who ought to be good geolo^sts will be hi 
to America to study the famous mineral deposits of that cont 
recalled the fact that the Germans were among the first to e 
beds of anthracif* in the United Slates. 

Prof, lie Lapparent supported the proposition. The imm 
of all the phenomena of Mature on the continent of America 
the effect of enlarging the views of scientific men. 

Prof. Star, (speaking in German) said that the geologists 
Hungary desired verv much that the Congress should hold 
in Vienna; hut after "having heard the invitation to meet in i 
States in 1891 , he supported the proposition to accept this in 
the hope that three veara later, or in 1894 the members of 
gross will come to Vienna where he promises them a hearty 

Prof, NeumavT supported the proposition made by the Un 
geologists and hoped that the session of 181>4 wouliX be reser 
city of Vienna. 

Pr^. Ciipellini thought that after having submitted the in 
the United States to the Congress at its last session, a 
ought to be sent to the city which was chosen. 

At the meeting of the Council of the Congress held 
morning 9:30: Sept. 20, 1838, 

Prof. Capellini said that everybody was in accord that the 
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sion of the CongreHB ebould be held in America, but as to the choice 
of a citv he was of the opinion that it would he better to entrust it to a 
committee of AmericanB. 
Prof. Dewalqut thought that it could be decided by the Council it- 



Dr. Sterry Hunt reminded the members of the Council that Philadal- 
phia had given a warm invitation, while the invitation from New York 
was signed by but a single individual. 

Pro/. VapeUini repeated that he preferred to leave the choice to an 
American Committee. 

Pro/. Frazer feared that there wae a misapprehension on the subject 
of thecity, and the oiil]^ object to be considered is to choose the city 
which is most suitable in all respects to the meeting of the Congress. 

Prof. Cap^llini rend the names of the North Americans present at 
the CongresB to which he wished to add the names of Messrs. Halland 
Dana. He was of the opinion that the Congress sbould confide to 
them the task of choosing a city for the meeting of the Congress and 
also of choosing a committee of organization. 

Prof, df Lapparenl believes that it would be of advantage to proceed 
according to the method proposed by the president. 

Mr. BUmford wislied to wait till l-^morrow in order to have the at- 
tendance of all the American members. 

Mr. Maefarlane was of the opinion that the Council should decide the 
question of the city without waiting longer. 

Prof, ^'ewberry observed that before its last session the Congress 
might receive invitations from other American cities such as Washing- 
ton or Cambridge and be endorsed the proposition of Prof. Capellini 
to confide the choice to a committee of Americans. 

Prof. Capellini said that H it were possible the committee would 
make ita choice before the close of the Con^ss, hut iC it were not pos- 
sible the committee could hold a meeting in America and announce 
its choice later. He proposed formally tne following names ; Messrs. 
Hall, Dana, Newberry, Frazer, Sterry Hunt, Marsh, Walcott, and Gil- 
bert. The motion was adopted by a large majority. One member 
voted in the negative and one did not vote. 

(Official proceedings of the Council of the Coni/m», ittued in theeU.) 

Firtt lettion of the Provisional Committee. All the members of the 
committee named by the Council except Hall and Dana, were present, 
to-wit : Dr. Newberry, Dr. T. Steriy Hant, Prof. 0. C. Marsh. Dr. G. 
K. Gilbert, Mr. C. D. 'Walcott and Dr. Fraj:er. 

Dr. Frazer moved that Dr. Newberry take the choir. Carried. It 
was apked what was the object of the committee's appointment. 

Dr. Fraxer staled that he understood it to be for the purpose of secur- 
ing unanimity among the representatives of the Unitea States in regard 
to the selection of a place of meeting of the Congress in the United 
States in 1891, and to determine with respect to a committe of organi- 
sation. In answer to a question as to the full intention of the Council 
on the latter subject he replied tbat he was not clear. 

Prof, itarth said that he hod been very much surprised to hear of the 
invitation from Philadelphia. He had heard Washington and New 
York spoken of but not Philadelphia. 

Mr, Giibert hoped that Washington would be chosen. 

Dr. Hunt' I preference was for Philadelphia. 

Dr. Newberry said that he ou(jht to favor New York, but he thought 
that the attractions of Washington were much greater than those of 
any other place. 

Prof. Marsh suggested that the question of place be first taken up. 
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ani] in order to brine thp sabjert before the meeting be moved that this 
committee recommen<I WanbiuKtnn. 

Mr. Gilbert seconded thin motion and in answer to a aaeation re- 
marked that Columbian Univerflity, WiUanl's Hall, and the National 
Mnneum would offer fafili ties for the meeting placeit. 

The vote wax ilemandeil for WaHhingion or Philadelpbia. For Wash- 
ington: Mr. Gilbert and Prof. Marnh. For Philadelphia: Dr. Html, 
Mr. Walcott and Dr. Frazer. Mr. Gill>ort thereupon changed his vot« 
to Philadelpbia. Prof. Marsh al.'to changed iiis vote to Philadelphia. 
Philafielphia was thereupon declared to be the unaoimouB choice of 
the committee. 

Mr. Walcott said that Prof. Judd, Mr. Macfarlane and Dr. Geikie had 
informed him that tliey understixid thia committee named b^ the Coun- 
cil to be the committee of orcanization. 

It waa moved and seconded that this committee take a receaa of not 
more than fifteen minutes while the chairman ascertain from the official 
Secretaries what the further dntv committed to thia body was. During 
the temporary abHenee of tlie Cliairman one of the official Secretaries, 
Dr. C. Le Neve Foster, entered the room and at the request of Dr. 
Frazer read tbe minute of the Council meeting which he had made aa 
follows : "M. Capellini lit les noms des americains du nord presents 
an Congr^B, auxquets il veut ajouter les noma de M. James Hall et 
de M. J. D. Dana; et ilcHt d'avis que le congrts devrait leur confler Is 
tuche de choisir la ville pour la reunion da congr^s, et ceUe de choisir 
le comity d'organisation.'' • 

Dr. Newberry BUggested another meeting of thia committee. 

It was moved and seconded that we meet at the same place to-mor- 
row at 9 A. M. Carried, 

The committee then adjourned to meet at 9 A. M., on Sept. 2l8t, 

Second Seuion. Sept. 21, 9. A. M. Present Dre Newberry, Hunt and 
Frazer, Prof. Marsb, MesHrs. Walcott and Gilbert. 

Dr. Frazer was requested to be Secretary to the Committee and ac- 
cepted the poaition. Dr. Frazer was requested to read the minutes of 
tbe last meeting which he had taken, and did so. By unanimous vote 
these minuWa were then accepted and declared official. 

Pro/. Marth said that he had consulted with Prof. Capellini who had 
told bim that the committee could take as long a time as it chose before 
reporting. After some informal discussion, 

Dr. T. Stem/ Runt moved that the Secretary of this committee an- 
nounce to the Couni^i! tlie unanimous recommendation of this committee 
that Philadelpbia be chosen as the place oC meeting of the next Con- 

tresH ; and Uiat we adjourn to meet in New Haven, November I5th next 
uring the meeting of the National Academy. Carried. 

ifr. Gilbert before tbe adjournment of the committee expressed the 
wish that tbe Secretary would settle all doubts as to the name and 
functions of this committee at the immediately following meeting of the 
Council. The committee then adjourned.' 

Friday September SJ, 1888. Tbe Council of tbe Congresa assembled at 
9:30 A. M. 

Dr. Frazer inquired whether a small error had not crept into the ac- 
count of the proceedings of the last Heasion. lie believeJ that in speak- 
ing of the American committee Prof Capellini and the others had em- 
ployed the espreasion "provisional" and that the committee was 
"provisional committee." 

\Satt. PaniiiitDt to the Informnl request t>t Ur, Qllbcrt, the Secretary lubm' 

decMed that ibc commlltiL'c wui « "ProvlBloaal Commtlttie" nod tbnt It was char 
with "Forming a committee ot orpanlxntion" lnnd<)ltIaD tothe work Ithul Uce 
completed, ol avlectlag a place of meeting for tlie fifth lesiion at tbe Gongieu, 
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Prof. CapeUini said that he had spoken of the committee in the sense 
that it n'aij a provisional committee with full power. 

Dr. Frattr thoujiSit that the word "provinional" shonld be added to. 
This correction having bPen made the proceeiiings were adopted. 

Prof. Preilwich (President) read the following telegram which had 
jnst been received ; 

"From Wathinglon, to Pretlwich, President of the OeologieaX Congreu, 
S8 Jermyn St. , London, England. Earnest invitation for next meeting 
of Congress in Washington. Halls and printing wUl be provided ; hoa- 
pitiilities extended. Powell, Director Geological Survey." 

Prof. Prettwich thought that the question ouRbt now to be sent back 
to the American committee. Mr. Evans was of the same opinion. 

Dr. Fraxer (after coneullation with Dr. Newberry, Chairman of the 
Committee of Americans) explained ttiat the question of the choice oE 
a city had been discussed as if the telegram had arrived, and presented 
the following report ; "The Provieional American Committee appoin- 
ted by the Council to ascertain the opinion of the members from the 
United States on the subject of the choice of a place of meeting of the 
Congress in America, in 1891, has the honor to report that the city of 
Philadelphia has been chosen unanimously as the place of meeting." 

Dr. Xewberry said that the committee had accomplished its duty and 
that he was glad to say that it is a unanimous report. 

Prof. Stefaneecu moved that the report of Dr. Frazer be adopted. 

Dr. T. Sterry Hunt said that the question of Washington or Phila- 
delphia had been discussed and that the vote had been unanimous for 
the latter city. 

Prof. CapeUini said that it was not necessary that the Council discuss 
the question of the choice of a city because the report was unanimous, 
but he desired to congratulate the Council and the committee of Amer- 
icans on this happy result. 

The President, Prof. Preiticich, supported the proposition of Mr. Stef- 
anescu to adopt the reportof theCommitteeof Americans and to decide 
definitely that the meeting of 1831 should be held in Philadelphia. 

Prof. CapeUini desired to offer the thanks of the Council to major 
Powell for his invitation to Washington and the following message was 
sent: 

"To Fov)eU, Director Oeolomcal Survey, Washington. Invitation re- 
"ceived. Council heartily thank you. Philadelphia chosen.'' 
"Prestwicb, President." 

The Prtsident, Prof. Prettmch said that he would submit the question 
of a definitive choice to the Congress itself. 

[Official Prooeedingt of the Council.] 

Meeting of the International Congrfu, Saturday, Sept. 52, 1888, 11 A. 
M. After the adoption of the minutes of the preceding session as 
corrected, 

Prof, fon Zittel, to whom the President (Prof. Prestwicb) had yielded 
the chair, explained the manner in which the invitation of the city of 
Philadelphia had been presented to the CongresSi and said that the 
Council had confided the choice of a city to a committee of Americans, 
as follows; Dana, Hall, Marsh, Newberry, Sterry Hunt and Walcott.' 
The decision of the Council as announced was adopted by the Congress 
unanimously. 

Dr. Frazer said that the Congress having accepted the invitation to 
Philadelphia in IKfll , he had been asked to explain the nature of this 
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inyitation which had beea presented b^ bis fellow citizeos. There 
were two reasons on account of which the Congress has done well in 
selecting Philadeljihia as ite host. The first is that in 1891 the Univer- 
sity of Pennsylvania will celebrate its centennial anniversary, in which 
celebration savants from all parts of the world will take part. The 
University of Pennsylvania is one of the five oldoat universities of the 
American continent, and although it is with one exception beet pro- 
vided with halls, laboratories, and various buildings, it is intended to 
expend $3,000,000 to increase and render it more useful. The Provost 
of tlie University had permitted him to say that the necessary halls 
shall be put at tne diajH^sition oC the Congress, and that ^1 possible 
facilities shall be given to its members. As the exercises of the cen- 
tennial will not commence till after the 23d of September, the halls 
will be free before that date. In addition to this, there is to be a 
session of the International Medical Congress at Waehini^n at about 
the same time. But the principsl reason for the invitation of the 
International Geological Congress to Philadelphia was that the com- 
mittee which inaugurated the Congress is called the "Comit^tondateur 
de PhUadelphie," because it was created in 1876 during the celebration 
of the centennial anniversary of the Independence of the United Stales. 
The mayor; the principal omeers of the city government; and of select 
and common councils ; the jadpes of the different courts ; the United 
States o&icers stationed in Philadelphia ; the presidents of hanks, of 
the great railways, and of the great industrial enterprises ; the lawyers, 
business men, and professors, — in short, ail the citizens united in 
offering a warm reception to the Conq:resB. He was not able hi give 
the exact figures, but as the officers of three great transcontinental 
railways who are in relation with the steamship companies had joined 
in the invitation, he did not hesitate to say that excursions at reduced 
prices would be arranged to the Rocky mountains, the great lakes, to 
the southwest, and probably also to Canada. Besides, it is probable 
that the cost of the ocean transit will be reduced one-half. 

Prof, von Zitlfl (acting President) said that the members of tho 
Congress were delighted to hear what Dr. Frazer had jnst told tliem, 
and that he was certain that the Congress of 1S91 would succeed. 

At the end of the proceedings of the last session of the Congreea, 
President Prestwich declared the session closed and adjourned to 
Philadelphia in 1S91. (Ogicial Complci Bendui, London SeiMion). 

■ Third teaiion of the Provieional Committee, Nov. I5th, ISSS, North 
Sheffield Hall, New Haven. Present, Prof. J. D. Dana, James Hall, 0. 
C. Marsh, Persifor Frazer, Mr. C. D. Walcott, and Mr. C. K. Gilbert, 
and I>r. J. S. Newberry, Chairman. The minutes of the two previous 
meetings were read and approved. The chairman declared that the 
meeting was open for business and asked if any propositions were 

ifr. Gilfc^rf offered the following resolution; That the selection of 
the organizing committee be by ballot as follows : Each member of 
our committee shall write on a ballet not to exceed twenty-five names, 
and all persons whose names appear on a majority of the ballots cast 
shall be declared elected. If less than twenty are thus elected, one or 
more additional ballote shall be taken, the chairman indicating in each 
case the number of names to be written. 

Dr. Newberry thought that it was the duty of this committee to name 
another committee, and that with that this committee's functions 
ceased. 

Dr. Frazer sketched the action of previous organizing committees 
before the sessions of Paris, Bologna, Berlin, and London. 
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l£r. Gilbert stated that he hsd had prepared by his clerk a list of the 
. felloWB of the American ABaociatioB for the Advancement of Science, 
and from this he had prepitred a smaller list of aboat fifty, comprising 
all the names of the larger for whom it was likely anyone would vote. 
He had added several uamea to these lists which seemed desirable, 
and laid the two lists before the members of this committee simply as 
aide to the memory in making their selections. The resolution offered 
by Mr. Gilbert was seconded and carried. 

Mt. Walcott offered the following resolution ; That the permanent 
organizing conmiittee be authorized to add to its number. Seconded 
and carried. 

Mr. fl'dicoH offered the following : Hesolved, that a temporarychair- 
man shall be appointed for the permanent organizing committee by 
the Provisional Committee immediately after the election of the per- 
manent organizing committee. Seconded and carried. 

The Chairman then ordered the ballot to be taken according to the 
resolution offered by Mr. Gilbert. Mr. Walcott and Dr. Frazcr were 
then appointed tellers, and a. recess was taken, during which the vote 
was counted. On the ro-assemblins of the commitleo the tellers 
reported that the following gentlemen having each receivei^ a majority 
of the votes cast were elected members of the permanent committee of 
organization; C. A. Ashbumer, J. C. Branner, T. C. Chambcrlin, G. 
H. Cook, J. D. Bana, C. E. Dutton, W. M. Davis. G. K. Gilbert, James 
Hall, Angelo Heilprin, C. H. Hitchcock, Josepn Leidy, J. P. Lesley, 
Joseph LeConte. O. C, Marsh, J. 8. Newberry, J. W, Powell, J. R. 
Proctor, N. S. Shaler, J. J. Stevenson, Alexander Winchell, H. 8. 
Williams, R. P. Whitfield, C. D. Walcott. Twentj;-four in all. The 
Provisional Committee then proceeded to the election of a temporary 
chairman of the permanent committee of organization. Dr. J. S. 
Newberry was nominated as chairman. No other nominations being 
made, the vote was taken and Dr. Newberry was elected. 

Mr. Oilberl moved : That the first meeting of the permanent organ- 
izing committee be held at Washington, D. C, during tha meeting of 
the National Academy of Science, in April, 1889; the precise place 
and the day and hour being fixed by the temporary^ chairman, who 
shall give due notice to the members of the committee. Seconded 
and carried. 

Mr. Walcott offered the following : That the SecretarT of the Pro- 
visional Committee is requested to furnish a copy of all the minutes of 
the proceedings of the Provisional Committee to the temporary chair- 
man of the permanent organizing committee. Seconded and carried. 
It was moved and seconded that this committee do now adjoum- 
Carried. Sine die. Pertifor Frater, Secretary. 

At ihefiril meeting of the Permanent Organizing Committee, held in 
Washington, April, 1889, Dr. T. Sterry Hunt, E, D. Cope, and Persifot 
Frazer wore added to the committee. 

At the iecond meeting of the Permanent Organizing Committee, held 
in Philad*lphia, November, 1889, it woe decided to appoint three anb- 
committees, as follows : 

On long excursions — Chairman, J. W, Powell. On programme — 
Chairman, C.E. Dutton. Local committee, Chairman, Lesley, Leidy, 

The secretary was requested to correspond with the general secreta- 
ries of the London session and ascertain whether or not the Bureau 
desired a chan;>e in the date of the next meeting from 1891 to 18S2, in 
order to coincide with the period of the proposed Columbian Quadri- 
centennial. 

Minulei of Third Meeting. At the call of the Chairman the American 
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Committee of organization of the Int^rQationSil Conere 
met in Washington at the National MuHemn, Friday 
4 P. M. The following membpre were present ; Measn 
Frazer, Gilbert, Hague, Hall, Jjesley, Marsh, Nei 
StBTenson, Wakott, Whitfield, Williams and Winch 
herrj' in the chair. The minutes of the last meeting i 
secretary and approved. 

The Secretary reported that in accordance with the 
Commitee (see page 11) he wrote a letter on Nor. 18th, 
eral secretaries of the London CongreBs, asking thei 
desired the time of the Congress to he postponed to i 
tJme of the expected World's Fair in 1892. This actit 
conformity with the resolution adopted by the Congn 
meeting in ISTS, investing the "Bureau actaei" with po 
interval up to the next Congress, and committing to 
retary charge of the correspondence, (see p. 199.) 

The letter from the general secretaries, J. W. Hal 
Topley, dflt«d Dec. 6th, 1889, was then read : (see letu 
Secretary further stated that the American committee 
not having expressed any recommendation regardin 
and in consideration of the unsettled state of the legis 
the World' Fair, had considerod it inappropriate for 
take further action until the Committee could take actio 
The general secretaries' letter was acknowledged. 

Captain DuUon thought that if the only reason for p 
to make the session coincide with the time of hold 
Fair, no postponement should take place. Professor L 
that Dr Frazer may have information derived from prii 
ence bearing upon the subject, which mar he of interest 
The Chairman called for a statement from Mr. Fra7* 
stated that he had received letters from a number of ' 
Bureau expressing their opinions regarding poBtpon 
letters were laid upon the Secretary's tabic for insp< 
Fraser read an abstract of views prepared by him (S 
American Qtologitt. April, 1890, p. 208.) 

Prqfeuor Cope wowld not object to the postponement 

Major Powell stated that legislation in the matter if 
but the prospect is that the Fair will be heldin1893 am 

ProfetsoT Leilty stated that he hoped the Congress wi 
Philadelphia, but before deciding the matter ot post 
the consent of the Committee, he wished to make a st 
ing the Local Committee of Philadelphia. No objection 
stated that soon after the appoi ntment of the Local Com 
a meeting, and the first meeting of the Local Committe 
that meeting he stated that he accepted and held the pi 
man pro tempore, and proposed to oi^anize the Co 
election of Mr. Frazer as chairman. This p 
met by objection on the part of Mr. Frazer, n 
that the Local Committee had no power to chani: 
tion, — that he would not take the chairmanship onleF 
the General Committee. — and that if he were appoint 
the General Committee he would accept. Mr. Prazer 
the work or responsibility of chairmanship unless he i 
and BB Mr. Lesley was unable to perform these fimctto: 
sible to act further. Mr. Frazer stated to liim that the 
pondence with the members of the Bureau, which eon 
there was no reason for hurry. The Local Committe 
journed and no further action nad been taken, and the 
not been called together since that time. 
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Professor Lesley further atated that under aucb circnmstanceB he 
believed it imposBible tor the present committee to perform eatiefac- 
torily the duties with which they were charged, imd at the proper time 
he wonid offer the reeolntion that the Locsl Committee be aischar^ed. 
Mr. Fruzer seconded the reeolulion, and said that it was impossible 
for him to devote the time and work required unless he was chairman : 
he did not desire the chairmanship, out be would not do the work 
without holding the office: if the General Comnaittee would appoint 
him chairman he would do the best he could. It will cost 12,000 dol- 
lars, if publications are included, to take care of Congress, (8, 000 if publi- 
cations are left out. He did not ^ree that it would be a failure in 
Philadelphia, and protested against any postponement or change of 
place. 

After several tentative motions, the resolution, that we do not aik 



Philadelphia, would not be held in 1891, but probably in 1892, and that 
he (the Provost) hoped the Congress would not be held in 1S91. 

The resolution proposed above by professor Lesley was formally 
made as follows : Jioolv^d thai the Local Committee be diteharged. 

This was seconded by Dr. Frazer, put to vote, and passed with one 
dissenting vote. 

jlfr. Cope moved that the Chairman appoint another Committee: 
Seconded by Captain Datton. 

Pro/eeiorLetley urged that we should determine first the place; 
Frazer, that the time would not permit of change, nor would it be cour- 
teous to Philadelphia. A resolution was made and passed to lay the 
motion on the table. 

Upon motion of major Powell, to test the sentiment of the Committee, 
and seconded by professor Lesley : Resolved that it is the opinion of 
this Committee that the place should be changed. Passed by a vote 
of eight to two. Messrs. Hall and Frazer explained their votes. 

Major Pomell moved that it is the sense of this meeting that the nest 
Congress should be held in New York ; — not seconded, but opposed by 
professor Stevenson. 

Profeuor LeiUy moved the following : Resolved that it is the sense 
of this meeting that the next meeting of the Congress should be held 
in Washington. The motion was seconded by professor Marsh. Dr. 
Frazer wished to go on record as opposing the motion. After some 
discussion this resolution was passed by a vote of nine to three. 
(Messrs. Hall, Cope, and Frazer voting No.) A formal motion, oflered 
by Mr. Gilbert and seconded by Mr. Ijesley, was then put as follows : 

Resolved, that thi» Co'mmittee rvconimend and requeit the Bureau of 
the Congreit to authorize the hoidirtg of the next Congreit in the city of 
Waehington. 

The question was considered of importance and the secretary was 
directed to obtain the vote of each member of the Committee, and in 
case the resolution received the majority of votes of the committee, to 
communicate the resolution to the Bureau for its authorization. 

Upon motion of professor Winchell it was resolved that the chairman 
notify Provost Pem>er of the action of the committee, explaining in all 
due courtpsy the difficulties met with by the local committee, and the 
fact that it appeared eminently ilesirahle that the place of holding the 
Congress be clianged from Philadelphia to Washington, williout any 
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The meeting was adjourned subject to the call of the Chs 

As Boon as the Wasbinzton meeting of the permanent 
committee was over the f<^lowing letter was adaressed to t 
ber of the Bureau : 

April 24, 18 
^i> and Colleague: — 

At a session of the General Committee charged with the p 
for the coming meeting of the International Geological 
which seaeion was held m Washington on April 18, 1890, it v 
to request the Bureau to change the place oi meeting and tc 
from Philadelphia to Waehineton, on the pretext that tht 
compatibilitv in the views of the members of the local com 
sisting of MesBra, Lesley, Leidy, and Frauer. It is the i 
nndersigned to inform you without delay that the esplan. 
correct. The opinion of the three members above mentioned 
at the'only meeting they have held, was as harmonious anc 
as possible on all points. The only dlRerence was that F 
desired toyield thechnirmanahipof the local committee to I 
on the vote of two of its members, and that the latter did 
himself to be justified in accepting this arrangement withi 
thorization of the General Committee ; an opinion in which '. 
joined. But this point of pure detail hacL nothing to d< 
place of the meeting. 

The undersigned memhere of this Bureau and of the Ge 
mittee protest against what they lielieve to be on the part of t 
Committee an abuse of power delegated to it by the Congres 
declare that in their opinion, this committee in proposing to 
a change of the place originally designated has actedwithou 
cause, contrary to the wish of the Congress expressed b} 
mous vote. 

Signed, 

T. Sterrv Hunt, 

JOBBI-U IjBIDY, 

E. D. COPB, 

PBRaiPOR FSAZBR. 



REVIEW OF RECENT GEOLOGICAL LITERA 

The Trfnton Limettone a* a source of petroleum and infiatmi 
Ohio and Indiana. By Edward Orton. (Extract from ' 
Annual report United States Geol. Survey}. 

In 1885 the Census Bureau Issued a portly volume entitli 
on the Production, Technology, and uses of Petroleum at 
ucta," by Prof. S. F. Peckham— a work which was a mar' 
pleteneas and erudition and was then apparently exhaustive 
known or likely to be known of the natural history of the ni 
leum compounds. But now we are called upon to notice . 
in a monograph dealing with new data and results. 

In this memoir of 190 pages the remarkable history of thi 
gas field ia so admirably told by the veteran Ohio geoloj 
must take a permanent place among the romances of scienct 
the least virtue of the book that it is decidedly readable 
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emineati J painstaking and accnrate, and thoagb vritten in 1887 it has 
Buffered little from atibsequent diecoTeries. 

The work opens with a review of current theories as to the origin of 
gu and oil which confeesedly owea much to the older work of Peck- 
ham, but those familiar with Dr. Orion's other writings need not be 
reminded that ha rejects the distillatioD hypothesis of Feckham for 
Dr. Hunt's theory, which, however, is considerably modified to adapt 
it to recent discoveries in Ohio. The following summary briefly indi> 
cates the conclusiane reached. 

(1) Petroleum is derived from organic matter. 

(2) It is more lai^ly derived from vegetable than animal substances. 
' (3) Petroleum of the Pennsylvania type is derived from the organic 

matter of bitominous shales and ie of vegetable origin. 

(4) Petroleum of the Canada and Lima type is derived from lime- 
Btones and ie of animal origin. 

(5) Petroleum has been produced at normal rock temperatures (in 
Ohio fields] and is not a product of destructive distillation of bitumin- 
ous shales. • 

(6) The stock of petroleum in the rocks is already practically com- 
plete. 

The second chapter contains a lucid discussion of the modes of accu- 
mulation of oil and gas. It may well be a matter of surprise to many 
that the anticlinal theory of gas location — obvious induction that it ia — 
should have been so long seeking recognition as the history proves. 
The following chapter, embracing the history of the exploiting and de- 
velopment of the Findtay field, reads like a romance. 

The first discovery on record of infiammable gas in the Findlay field 
was made while digging a well, three and a half miles south of the 
court house, in October, 1836. On lowering a torch into the excavation 
after nightfall to ascerUun its condition, the workmen were startled 
by an eiploeion, and a flame of considerable volume was afterward 
found burning on the surface of the water below. The difficulty in 
finding potable water wae.indeed, one of the most constant indications 
of the presence of gas. "From statements new made, it ia clear that 
the presence of infiammable gas has been known in Findlay and its 
vicinity since the country waa firet occupied. There have always been 
surface indications here of pronounced character, the most conspicuous 
of which are the sulphureted water of wells and springs, the escape of 
gas from springs and rock-crevices, and its presence in numerous ex- 
oavations carried down to the limestone rock • * • * Sat it is 
also clear that it was likewise universally deplored as a uniaance that 
must be endured because it could not be abated." The gas was first 
utilized in 1838 by means of a primitive reservoir and burner composed 
of an inverted sugar kettle and a gnu barrel. The fire thus lighted has 
continued practically ever since, but the first person who is known to 
have recognized the larger possihilitiea of the Findlay gas was Dr. 
Ohas. Oesterlin who long vainly attempted to interest his neighbors 
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A to lead them to join him in drilling (or a larger Bapply. 
83 Dr. Oesterlin organized the Findlay Natural Gaa Co. wi 

1 stock ot t5,O0O. The drilling of the Pioneer well develope 
inor gas horizone but at 1,092 feet a horizon of Bolid highly c 
aestone was reached, which proved a reservoir of high-pre 
le gas was lighted, and its blaze at night illuminated a circl 
J 20 miles in diameter. The Pioneer well waa BucceBefa 
irizon of gaa and oil, not dreamed of before, was brought to 
ndlay became the centre of inspiration of development of fo 
arcely, if at all, inferior in value to the great petroleum ref 
latem PenosylvantB and New York. The flow from this fii 
timated at 300,000 cable feet per day. This much we cond 
e account of the development of the new field. 

The fourth chapter embraces the discUBBlon of the geolo 
enta in the problem. Incidentally tbie chapter illustrates 
;hted policy ot legialatlve action in aiding only what is f 
nued practical geology and discriminating against pali 
Tea the most minute fossils may have an important practica 
ccellent specimens of the almost microscopic shell Ltptohoh 
. were brought up in fragments of shale from a depth of 
d positively locate the horizon of the Utica slate. The fac 
e are the only indnbitable indices of the age of a rock cam 
An reiterated. Attention is called to the petroliferous ch 
e Clinton which may yet acquire as great importance in I 
an oil-bearer as in the South ae a source of iron. 
As open to criticism we note the use of the term "Devonii 
include the Cleveland, Erie, and Huron shales. Prof. Ori 
tt "the belief that tbe great shale system would everywhi 
the convenient and easily-applied system of division abc 
s not proved well-founded." On the other hand Dr. Newbi 
y claims that these three shales have nothing in common 
L. Herrick has sought to indicate the nature of the conditii 
mIIj combined elements of them all and interblended them 
th horizons of Hamilton habitus. 

A very interesting generalization is stated in the concludin 
s., that the porous character of the limestone in the pet 
strict is due to a process of dolomitization which resulted in 
listalliEatiDn leaving interstitial pores and spaces capable 
rge quantities of oil, gas, or water. This dolomitization of 
a limestone seems to have been in the main regional and C' 
e upper portions of the limestone. A warping of the form 
salted in the differentiation of the contents of the porous 
e gas and oils seeking the highest levels and the salt wate 
; at a lower but definite elevation in every field. Prof. 
ides "it is unsafe to count the Trenton limestone an oil roc 
zk in any locality unless it can be shown to have undergoi 
liitc replaeemtnt by which its porosity is assured. Even in c 
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andergone this tmnatormatioii it will not be (otmd a reservoir of oil or 
gas in an important senee onleee, in the accidents of its biatorj', Bome 
parts of it« deeply-buried eorlace have acquired the relief that ia eaaen- 
tial to a dne separation of ita liquid and gaseoaa contents." The re- 
port in matter and manner ia admirable. 



RECENT PUBLICATIONS. 

2. Proceedingi of icientifie $ocieties. 

Synopsis of the Cretaceous foraminifera of New Jersey, A. Woodward 
from the Journal of the New York Microscopical Society, Dec. 1S89. 

On the Cheyenne Bandstooe and the Heocomian shales of Kansas, 
F. W. Cragin, Bui. Wash. College Laboratory, vol. 2, No. 11, March 
1890. 

The Geological Society of America has isened several bulletins of 
volume 1, vix : 

Organization of the Geological Bociety of America, with proceeding^ 
of the semi-annual meeting held at Toronto, August 28-29, 18S9. This 
bulletin contains abstracts of the following papers: Revision of the 
genua Ortbia, James Hall ; New genera and species of Dictyoapongidce. 
Jamea Hall ; The strength of the earth's crust, G. K. Gilbert ; Bould- 
er beds and boulder trains, T. C. Ghamberliii ; Trap dikes near Ken* 
nebunkport, Maine, J. F. Kemp^ The Sylvania sand in Cuyahoga 
county, Ohio, Peter Neff. The following are published in full : Areas 
of Continental progress in Korth America, James £. Dana; Study of 
a line oF displacement in the Grand Canon, C. D. Walcott ; 
High continental elevation preceding the Pleistocene, J. W. Spencer; 
Ancient shores, boulder pavements, and high-level gravels, J. W. 
Spencer, pp. I-S6. 

Origin of the rock-pressure of natural gas in the Trenton Limestone 
in Ohio and Indiana, E. Ortoti, pp. 87-9S. 

Notes on the surface geology of Alaska, I. C. Russell, pp. 99-162. 

Note on the pre-Poleozoic surface of the Archean terranes of Canada ; 
The internal relations and taxonomy of Che Archean of Central Canada, 
A. C. Lawson, pp. 1«3-194. 

Structure and origin of glacial sand plains, W. M. Davia, pp. 195- 
202. 

Orographic movements in the Rocky mountains S. F. Emmons, pp. 
2*5-286. 

On the glacial phenomena in Canada, Robert Bell, pp. 287-310. 

On the Pleistocene flora of Canada, Sir William Dawaon and Prof. 
D. P. Penhallow, pp. 311-334. 

The Journal of the Cin. Soc. Nat. Hist. vol. iii, No. 4, January, 1890 
contains, Sew Lower Silurian bryozoa, by E. 0. Ulrich, pp. 173-198. 

The Topography of Florida, N. S. Shaler, Bui. Mus. Comp. Zool., 
vol. ivi. No. 7. 

The mineral composition and geological occurrence of certain igne- 
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ons rocks in the YellowBtoae Nstiouftl park, Joe. P. Iddini 
Phil. Soc, WashingtoD, vol. xi, pp. 192-220. 

3. Paperi in Sdentifie JoumaU. 

Can. Record of Science. On new plants from the Brian and 
iferous, and on the characters and affinities of paleozoic gynmi 
Sir. J. W. Dawson. 

Am. Nat. Sept. No. Origin o( the Loess, Jno. T. Campbell. 

Am- NaluTaliat, Oct. No. Synopsis of the families of vertel 
D. Cope. Feb. No. Heview of the progress of American inve. 
paleontology for the year 1889, C. R. Keyea. Mar. No. Ihe 
evidence of evolution, W. C. Cohall; Genesis of the Aclinc 
Chas. R. Keyes. 

Am. Jour. Sci. Feb. No. Cretaceous plants from Martha's Vine 
White; Review of R. W. Ells' second report on the geology ofi 
of the province of Quebec, C. D. Walcott; Tracks of organic c 
rocks of tha Animikie group, A. R. C. Belwyn. March Na. S 
and Hurchiaon: Cambrian and Silurian, Jamea D. Dana; Cr 
of the British Columbian region — The Nanaimo group, Geo. ! 
son; Celestite from Mineral county, W.Va., Geo. H. Williams; 
locality at Branchville, Ct. Fifth paper, Brush and Dana ; Eecc 
flexure, Frank Cramer ; Origin of the rock-pressure of the natur 
the Trenton limestone of Ohio and Indiana, E. Orion. April No 
sandstones of Fernando de Noronha, J. 0. Branner; Occurren 
salt dykes in the upper paleozoic series in central Appalach: 
ginia, N. H. Darton, with notes on the petrography by J. S, 
Origin of the Soda granite and quartz-keratophyre of Figec 
W. S. Bayley ; Occurrence of polycrase or of an allied species 
North and South Carolina, Hidden and Macintosh ; Origin of sc 
ographic features of central Texas, R. 8. Tarr; Formation of s 
icate, J. D. Hawkins. 

Ottawa Nataraliit, No. for Jan. Co March. Geological progress 
da, R. W. Ells. (President's inaugural address). April No. '\ 
tassini region, A. P. Low. 

Am. Antiquarian, March No^ The cliff-dwellers and then 
Stephen D. Teet. 

4. Excerpte and Individual Puhlieaiioni. 

Annnal report of the curator of the Museum of Comparative 
at Harvard College, 1S38-86, A. Agassiz. 

The history of the Niagara river, G, K. Gilbert, Albany. F 
sixth annua) report of the Commissioners of the state reservi 
Niagara, 1889. 

The horned Dinosauria of the Laramie, E. D. Cope. From th. 
can Naturalist, published Dec. 17, 1889. 

On excavations made in rocks by sea-urchins, J. Walter '. 
Am. Naturalist, Jan. 1890. 

Reply to the questions of Mr. Selwyn on "Canadian Geologici 
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ifcation for Quebec." Jnlee Marcou. Pioc. Bos. Soc. Mat. Hist., vol. 
ixrr, 1889. 

The Laramie group : Its geological relationB, Ha economic import- 
ance, its faima and flora. The rock-salt depoaita of the Saliaa group 
of western New York, {abstract) J. S. Newberry. From Trans. N. Y, 
Acad- of Sciences, vol. ix, Noa. 1 and 2. 

Museum history and mnseume of History. G. Brown Qoode, Am. 
SUt. Auo. 

Remarks apon extinct mammals of the United States, W. R. Shn- 
feldt. Am. Field, vol. zixu. 

Borne new Kansas industries, Robert Hay. Prbc. Eas. State Bd. of 
Agriculture. 

Biographical notice of Chas. A. Ashbumet. J. P. Lesley, Trans. 
Am. Inst. Min. En^. Feb. 1S90. 

Relations of the pinite of the Boston basin to the felsite and con- 
glomerate, W. O. Crosby. Tech, Quart. Feb. 1890. 
6. Foreign Publieatioru. 

Untereuchongen ueber Geeteine and Mineralien ans West-Indien. 
Ton J. A. ICloos. (Sammlnngend. geol. Reicha Mueenms in I/oiden, 
1889, 8. 169). 

Second report on the geology ot a portion of the province of Quebec. 
R. W. Ells. PactK. Bep. of the Can. Geol. and NaL Hist. Sur. for 
1887, contains an appendix, in tabulated form, showing the system- 
atic distribution of the fossils, and their localities, referred to in the 
report exclusive of those species obtained in the limestone conglomer- 
ate bands, by Henry M. Ami. 

Proceedings and transactions of the Nova Scotian Institute of Nat* 
Ural Science, vol. vri, iPart in, containa : A geological recreation in 
Haeeachusetts centre, D. Honeyman; Ice in the Carboniferous period, 
Henry S. Foole; Glacial boulders of our fisheries, and invertebrates 
attached and detached, D. Honeyman ; The geology of Cape Breton, 
the minerals of the Carboniferous, £. Gilpin. 

Schriften d. nat. Yer. f. Scfaleswig-Holstein, B. tut, Erstes Heft, 
Kiel, contains : Ueber eine lokale Anhaufung miocanen Gesteins bei 
Itzshoe- E. Stolley ; Ueber einige seltene Fossilien aus dem Diluvium 
und der Ereide. Sch. Holateina, H. J, Haas. 

A manual of palteontology. By H. Alleyne Nicholson and Richard 
Lydekker. Two volumes, Svo. 1624 pp. Third edition, rewritten and 
enlarged. Blackwood & Sons, Edinburgh, 1889. 

The evolution of climate. James Geikie, Scottish geographical ma- 
rine, Feb. 1890. 

F61dtani KSzlfiny. Nov. -Dec. 1889, contains: Rhyolithspureu in 
Schweden. Dr. J. Szadeczky ; Ueber einige seltenere Gesteinsein- 
schlusse in tmgarischen Trachyten Franz Schafarzik ; Der Stephans- 
gangnndeeine CTebenkliifte, Paul Hegedvis; Eleinere phytopalaonto- 
logische Mittbeilungen, Dr. M. Staub. 

Ueber die rothen und bunten Mergelder oberen Dyas bei Manches- 
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ter. H. B. Geiuto, Geo. Isia in Dreaden, 1889, Abh. 3. 

Sommar; Report of the operationg of the Geologicai 
History aurvey, Ottawa. A. E. C. Selwyn, 



CORRE SPOND ENCE. 

POSTBCRIPT TO ABTICLB ON "ThE MaQUOKETA ShALBE 

foregoing was put in type Hr. Leverett haa kindly sen 
ditional data of the Indiana gas boringa. The foUovi 
taken from his letter. 

In a well at Tetre Hants, the Trenton lime-stone wa 
depth of 2,860 feet or 2,400 feet below sea level. In m; 
tbe records given in tahle No. 1, it is stated that a well i 
was carried down 2,000 feet and stopped in the Comifero 
and that if the rocks of the Cincinnati gronp continuec 
aame rate as between Plainfield and Danville, the to] 
would be 1512 feet below eea level. From the later dai 
even greater than this, probably 2,200 feet below aea 1« 
at all. 

At Rockville, which is abont 40 miles west of Danvil 
the line of section west from Richmond, (No. 1} the Tren 
1,400 feet below sea level, as against 518 feet at Danvilli 
thickneBS of the Cincinnati group is not ascertained. 

Rensaelaer, again, is on the direct line of the second i 
north-west from Richmond. Mr. Leverett's data froi 
indicates an altitudeof some 70 or 100 feet for the top of I 
rocks above tide, and a thickness for them of 300 feet. 
correspond well with the others given in my second tabic 

Other well records are given by Mr. Leverett, but no 
lines of section treated of, they are not mentioned her( 
enough to say that the additional information confirms I 
made in the body of the paper. 

Jo SI 
Washington, D. C. May S, 1890. 



PERSONAL AND SCIENTIFIC NEV 

The Csair op Geology and Natural History 
O. left vacant by the call of Prof. Herrick to the co 
chair in the University of Cincinnati, has been fil! 
W. G. Tight, under whose condunt the bulletin of 
tories of Denison University will be continued. 1 
ume of this jjublication will contain, among othe 

gapers, atratigraphical notea on the Waverly in e 
'hio by W. F. Cooper, who seeks to verify and 
correlations suggested for the central and eoutht 
in previous numhers. 



,v Google 



INDEX TO VOL. V. 



AddltloDi and oorcectlose to Mlllcr'i V. 

Am. paleontolosy, Herriclc, 253. 
iBBTicocrlnui. obBervatlOQB on Keokuk 

■p«aieB, Gordon, 257. 
Amerlcui SocielT ol. Civil Knglaeen, 

127. 
Ameritun HMurftUst (The). 256. 
Amertcnn Neocomlaa &aa Cbe flrrplisa 

pltcberl, Mamou. 3 IS. 
Ami. Haniy U., Catalogue of tottila 

relating to the Quebec btoud as man- 

tloned In EUe' report !or 1887-88, 247. 
Annual report ot the Canadlaa Geolog- 

1c»18uTveT,24i). 
Attealan welle Id EaDBU and cauiei ot 

their Bow, 2M. 
Art«Blaa well water power, 12S. 
Ashburner, C. A., 124 
Attempt to explain glatilal Innold far- 

rowi, Packard, IM. 
Award □[ the Havden memorial medal 

to Prof. Jamei Ball, 231. 
Aloio ByBtem. deflnitloni ol, l(K. 



northern Mew 



BalleT. I' W., Report 
Bmnawick, 246. 

Bally, E.E. a.. 250. 
BatTOla, C, 209. 

Balocrtnn. calvlnl, Rowley, 140. 
Becker, Geo. F., Beology ot the quick, 
all* er depoalti of the Pacltic Hlope, 176. 
Beecher, C^" .-_ ,. — -i., — -j- .. 

Econoniic geology ot On 



aey, C. K., 
1, Robert, 



>r 1889, Eyerman, 2S0. 
Blake, tC. P. ,8.1. 
Blake and Bally, Kansaa coals. 250. 



, . . J. Wlnchell and Jamea . 

Dodge, 309. 
Brltlab Columbia. Report by Q. M. Dai 
— ■■40: Carrfbou mining diatrlcl, 24 
■, J. v.. Sketch of SoSooLoraft, 1, 
, Jolin, PreilaclBl ' 



Bryson,' j'oli'n, Pregia 
. the talla ol the OMo, 



las. 



CapelUnl, G 20>: SgO\i 



century dlctlonary'a deflnltiOD Of the 

Aioloayatem.lOe. 
Chalmera, K., aoTfaaB geology of north- 

eaatem New Brunanfck, 247. 
Chamberlin, T. C, 1J8. 
Clark, John U., Silurian brachlopoda. 

Claa'alBcatlon ol the geographic tealDrei 
of Te,iaBj.Hlll,_9i68! 

Uakiag I 

CoaJtn'the'aouthol England, 118. 

Com stock, Thao. B,, 125. 

Concho coantiy, a geological anrrey ot, 

CammlDB and Lercb. 821. 
Cope, £. D. 62:B87;3S8. 
Contribution! to micro-paleontolOgT, 

Ulrloh, 107. 
Contributions to Canadian paleontology, 

WblteaFea. 108. 
CoDulatla miaaourlenalB, Calrln, 207. 

In the Animike rocks, Lawson, 



lorrespondence, fl2, 186. 253, 
:oate, E. Mlnea of Canada tc- 



Cryatallogenesls, Henioldt, 301, 875. 
Cummins, W. F., On the Concho coi 
try, 321. 



Davia, W. H.. Riven and valleysol Penn- 
sylvania, SO; 124. 
Dawaon, Geo. M., Report on the Yukon 



Dawaon. Sir William, 121: Ertan' and 

Carboniferous plants, 180. 
relgaao, J. F. N., 209. 
Deacrlptiou of eight new loasils trom 

Manfloba. Whlteaves, 58. 
Deaor, E. On the Laurentlan aa applied 

Development of Silurian brachlopoda. 



Ites. 309. 
Dotaero volcano, Colorado, 40, 
Drainage ' "" " 



oi New Mexico. T 
ot, Upham, 81. 



,v Google 



Drjor, Charlea B.-GUclfllgeologjolthe 
rroiidMuolt region, 302. 

Duck 'and Rldlog mauaUiiu, J. B. Tyr- 



Economlc geological ■< 



T In Oeorgla 



i,°Speocer, IBS, 

Editorial Comment. 397. 

ElemsDte tier Paleontologle, SCainmami 

and LudwLE, 183. 
ElU, B, W.. ?in the Quebec group, 120; 

Report ou province a I Quebec, 243. 
Emeraou, B, K., 121, 
ETOlatloo of climate, Jamea Oellile, SIS. 
Eitloct volcanoe* la Colorado, Lakes, 



Fewkea. J. Waller, Orlain and outltnei 

□( tbe Bermadu, 8S. 
foQtalue. W. U.. Folomac or younsec 



Poeter aud v 



ituey, DeflQltlon o( the 



Clian 

leo. 

Crelaceoai replUei. 1«1. 
Catalogue o[ K.A.pulec 

(non-lrlloMtlc), ''" 
Siraparollua fron 

CoDularIa miaiourlei 
le province ot Qi 



oj pajeaiola gymnoiperni*. 



aoutbeastem Iowa, 



In Dr. 



mtloned 
"Ru VCD he ad collection, 



PUnti 
249. 

Agarlcocrlnui, 25T. 
New lamelllbraDchlata, 2Ta 

G. 

Gaa. natural, at Freeborn, MInD., 138. 

Geograpblc leaturei ol Teiat. Hill. 9, tS. 
Qeologlcal history ot the Quebec eroup, 

Hani, 212. 
Geological and natural blatocy stirrey ol 



sairt 



57. 



Ollbcrt, a. K. S81; 382; 3S4; 3S&. 

Giordano, F.. 209. 
. Glacial geology ol the IrODdequoit re- 
gion, Drj-cr, 202. 

GhlclBl lunoid furroWB, Packard, 104. 

Gordon, C. K„ Obiervatluos od Ksokuk 
Bp«olea ol agaricocrinuB, 257. 



H. 



Hall. Jamei, 234. 



Ea7,Robt,Note9onaI 
ei; HoilEon of the Di 
Artesian welle In Ki 

Hayden medal, award 

Hsuchccome, 380. 
HellprlQ, Prot.A.,192. 
Henaoldt, H., Crygtalloi 

Herriok,C.L..6l; Com 

Hm,R"bf TrclMsffci 
ol the geographic leal 
fiS; FoBsila olthe TH' 



Hitcb 



, C. H., 121; 



. H., Boutbvi 



HnebeB, T. McHenry, 2( 
Hudaon « bay, ciploii 

Hulked J. w; 208! 
BUDt. T. Sterry. 210; G' 
of the Quebec group, 1 
Huiley. T. H., m 



[HuntiBllon of the "leyi 

Claypole, «3. 
Ingall. K. D., Mlneaaod 

[nnea, Wm. M., Report 

[nOBtranaefi'. A., 20S, 
Interaat. Cong, ol Oeol 
Philadelphia, Fraier, 
[ntL-rnatlonal Congresi 



Imndequolt region, gli 

Dryer, 202. 
Irylng, A., Metamorphli 



1 tho Cine 
exploratlos 
:., Leaveni 



£ansna Academy 'of S 

2]sc mectlDEi', 249. 
Kemp, J. F., Dikeinear 



KIdaton, Robert, Foaa 

Ravenbesd collection 

KIng.WiIlIain.Tillobite 



Kani, Geo. F., 320. 



Digitized bvGOOgle 



Laurentlin as applied tti b QuBternarjr 

Laurentlon nnil Keirirk, hb aeologlcol 

terms, C. H. Hitchcock 197. 
Lftwson, A. C. OeoloKy of the Rainy lake 

ret^ioD. 65; U8i Copper in the ADlmlke 

Leldf, Joseph. Uammal[aa le mains 

from Ibii southern states, B14. 
L«o L.<isquvreui, Orion, JM, 
Leroh, Dr. Otlo, ou the Conoho country, 

Lesiuy J. P., Dictionary d[ the losalli ol 

PonnsjlvaDln. 63:386; 9»7. 
"Levelof noBtrnlu," S3, ]90. 
Leverett, Frank, 123. 
lievy.A. Michel. B2. 
Low, A. 1". EiplorationB In Hudson's 

Lower ana MtJclia faconin or Europe 
and Nonh America. Mareou, 357. 



■oup, Jos. F. Ji — , — 

Uaraou. Jules. Trlasxlc llora ol Klch- 

mond, Va., tOO: The Am. Nooeomlaa 

and Qryphwnpllcherl, 315; The Lower 

and mlildle Taconlc ol Europe and 

North America, 367, 
Uarcf. CapUiri Bandolpb B.. on the 

Wftchlla mounUlna, 72. 
Harsh. O. C. Ccetaceous leptlUaD forms 

181 ; »>1. 
Harsltirs. V. F. Trlasslc (raps of Nova 

Bcotla. 140 
Martin, K. an. 
MoCreory, J. M. Causes ol the eitinctlon 

of species. 100. 
McConnell, R. Q. 119. 
"lOee, W. j.iaa 

■lumorpblsm of rocks, IrrinR. (A) M. 



Wurztlltc. M: gold aud silver prodnc- 
tlon In lS!i«. 126; Ituslless Iron, IX; 
I>utroleum in Brazil anil In Pt>nnsyl- 
THjila, VX; Natural Ras, Picuhnrn, 
■" a, IW: In Ohio nu.l Indiana, BUS; 



. Wine hoi ras 



Naatucfcet, (ieology of. Shalec, 111, 
Ncttlenith. Ueucy, Kentucky ft 
shells, 107. 



ewberry. J. 3. 118; D( 
from Ohio, 184; 361:381. 
A<ew BruuBirlek, Report __ 
Innes. 246. Report ol R. 

NcmLamelUliranchiatn, Ulrloh,270 
North American geoloET and paleontolo- 
gy. Miller. 52. 
Notes on a Kansas salt mine, Hay, 6S. 

o 

Ontario, economic geology of. Bell. 3SS. 
Origin and DulUnos of the Bermudas, 

Ortoa. E.,'63; 119; Sketch of Leo Lesqnet- 

of petroleum ei 



Packard. A, 3., Attempttooiplaln glac- 
ial Innold InrroWH. 104. 
Patent water-M-llch. 26a. 
Pect, Stephen D., Mr. Cresson and the 

Delaware river dwelllnirs. ISB. 
Phil, meeting of the InTcrnetional Con- 
gress lit (ieoloRlHls, .119; :i79. 
Ppir<il,.um in Pennsylvnula, 126. 

meeting of the Interoatlonal Con- 
-oKieology SID, m*. 



gressofdeology.S 
Pfiosphale (11 riortdi . 
Potomac or younger ili 

talue. 319. 



.t the falls of the 



Q 

geological history c 



Quebec group, ge^i 

QuebSo." Report of R. W. Ells o 



Rainy lake region, geology of, Lawson, 

Receut publlcatlana, 61, 114, 817, 391. 
Rcnevlcr. E.209. 

Rivers and valleys of Penmsyivania, 
Davis, m. 

Metamortihlsm of. 56; Silurian sys- 
tem oI,Sd: aulmerlal decay of, lid; 
From the Wrxt luilles, 183; Group ol 
Meteorites, 2Sfi. 

Rowley, R. H. Uatocrlans ealvlul, new 
erlQOIil, 146, 

RnlTner. W. H. Land of the Bnena Vista 

RussellTl. C., Subaerial decay of rocka 
and origin of the red color of certain 
[ormations. 110; 118. 



Salt I 



e Neobolus 



channel, n< 



Kuuui ui lumBB ui vuiuiiviu, rcport of, 

!ca<level, lis dependence on superttcial 



„Gopgle 



laeei Qormal totbe etrtta'i >ui 

p, H. Hy'lIO.' 

rn, A. R. C, Annual report o 

rian rivers, their poiBlbleiouth 
iriactaeogeol the manimotb, 



Slluilan bTacbloDode, Beecher 

Clark, U. 
Slturisn iTitem of rocks, K. I, Mi 

■«□. HO. 
SmiCb, E. A., ira. 
Snow, F. H., aigalflcanoeol stipulei 

South Afrlrnii gold flelds, IS1. 
Epeolea. CHUsea of extlnttloo of. 

Speiicef, J. W., Economic Burvc 
Geargia and Alabama, 185: 12S. 

Straparollus In Boutheaslera 1 
Keyei, 193. 

Pubaciiul (lecarof rocki, Rnasell 1 
Kiabo, J. afJ. 

T 

TacoDic, iMV/et and Middle, of Ei 

and North Aroerlco, Maroou, S57. 

Tarr, Ralph S. Uralnage syitems ol 

TerelJellum in American Tcrtlarlcs 

TeXHR, (ieogcapbic feature! ol. H 

Tlitht, W. G„3W. 

TlfTaoy. A. S. 124; 12S. 

Todd. J. E., 121. 

Toplfv. W.,2ilS. 

Training. The, of a geologist. Bra 

Trani-PecOB country, Tcias, Hill, 7 



Trlaaslc traps of Nora ScolU, Mar 



Digitized byGOO'^le 



PaaARY, 1590. 






veu. V, No. 



'I' H M 



'/•AMERICAN 
GEOLOGIST 



A MONTHLY JOURNAL OP 

GEOLOGY AND ALLIED SCIENCES. 



EDITORS AND PROPRIETORS: 

Samuel Calvin, Imva City, Iowa. 

EnWAmi W. Clavpolk, Akron, OMo. 

John Evermah, Easlim, Pa. 
Pebsifor Fhazei, Pkiladtlpkia, Pa. Robert Hav, Juttitiim City, ICamat, 
Clarence L. Hekrick, Cinnnnati, O. Arthcik Lakes, Golden^ Cch. 
Andrew C. Lawson, Ottawa, Ottt. Edward O. Ui.RICH, Ne^aferl, Ky. 

I. C. White, Aforgantimm, W. Fa. 
Alexander Winch ELL, Ann Arier, Mich. 

Newton H. Winchell, Minniapolis, Mirni. 



>l99l^ lumbers, 35 Qeijts. 



Yearly SdbsGriptioi?, fe-SO 



C;Of*5Ef(55: 



Lbmbt Bowb Schoolcraft. [Poitrail.] 1 

^ASSIVICATIOtl AND OBIOIK OF THE CHIEF 
OaOGBAPHlC FKATDBBB OF THB TbSAS 

BBGioM. [MapO Robert T. HiU 9 

)l( Ladrektiah as applied to a quatbk- 

MABVTEBBAHB. Jotepk F. JaJH€l 29 

3a8T8 of Scolithub flattened by i-beb- 

80BB. [IlluBlrated.] Atrrui Wanner. .. . 35 
BXTIMCT TOLCAKOBS IH OoLOBADO. [IllU*- 

tr«ted.l Arthur Latxt 38 



[Illu. 



NOTBB ON ' 

ISLANDS FOBXINO 1 

OF THE BANTAHARBABA C 

trat«l,] Lorema Q. Tatct.. 

B«T IBW OF BBCBNT QBOLOOICAL l: 

North American geology and paleon- 
tology, S. A. Miller, 52.— A dictionary of 
the loseils of PennRylvania, J. P. Lesley. 



53. — Report on the lands of the Buena 
Viatft company, W. H. Suffner, 53.— 
Development of Bome Silurian brsch- 
iopoda, Beechtr and Clark, 64.— Re- 
port on the geology of the Rainy lake 
region, A. C. Lawion, 55. — Metamoi^ 
phism of rocks, .i4. Imnj, 56 — Geology 
of Culorado ore deposits, A. Lakei, 57. 
— New foeails from Manitoba, /. F. 
' Whiteavei, 58.— Geological survay of 
Minnesota, 17th report, N. H. Win- 
chell, 58.— The rivers and valleys of 
Pennsylvania, TF. M. Davit, 60.— The 
structure of drnmlinB, Warren Vpkam, 
61. 

Rbcbnt Publicatiohb 61 

corbbhponde.ncb. 

Letter IromM. jl.i^wy, 62.— The toBBils 
of the Trinity beds, Robt. T. HiU, 62. 

Personal and Scibntific Nawa 62 



THE GEOLOGICAL PUBLISHING COMPANY, MINNEAPOLIS. 

Baler*d tx th» Ulaneapolli poit-oDc* u Hoond-olAH nMMr. 



Walker prizes in Natural History. 
THE BOSTON SOCIETY OF NATURAL HISTORY 

Offers a First Prize of from $60 to $100, and a 
Second Prize of $50. for the best Memoir, in 
English, on one of the follo^wing subjects : 

I. On the Adaptive Resemblances 
of Plants in Different Natural Or- 
ders 

2.. On. the Processes Involved in 
the Production of Soils. 

UemotrB must 1>« bsuiied to tbe ftectetarr before April I6tb, 1890. 

Prlie« irlll not be Kwatded uQleo the pspera are deemed ol *deqakta merit. 

for fuMber putlcolan applj to 

J. Walter Fewkes, Secretary. 

BwlOD, Hui., Dee. IB, UW. 

NOW IN PR ESS. 

"FORT ANCIENT." 
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By Warren K. MooreheadattUted by teientiiti from Washington, 
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Illnatrated prospectus mailed free to any address. 

Send for one. WARREN K. MOOREHEAD. 

(SmitlisonJan Inetitutioo.} 
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